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DESICCATION AND CRYPTIC NEST FLOODING AS 
PROBABLE CAUSES OF EGG MORTALITY IN THE 
AMERICAN CROCODILE, CROCODYLUS ACUTUS, 

IN EVERGLADES NATIONAL PARK, FLORIDA’ 

FRANK J. Mazzotti"), JAMES A. KUSHLAN® AND ANN DUNBAR-COOPER®) 

(“)Graduate Program in Ecology, The Pennsylvania State University, University Park, 
Pennsylvania 16802; ®)Department of Biological Sciences, East Texas State University, 
Commerce, Texas 75428; °)Department of Biology and Living Resources, RSMAS, 

The University of Miami, Virginia Key, Florida 33149 

AsstractT: Flooding and desiccation probably caused mortality of eggs of the American Croc- 
odile (Crocodylus acutus) in Everglades National Park. Flooding was subterranean with no sign 
evident above ground. Apparent desiccation occurred in a year (1981) of abnormally low rain- 
fall. The timing of nesting seems to be rigidly scheduled, with the developmental period brack- 
eted by possibly desiccating and flooding conditions. The success of this strategy is shown by the 
relatively low rate of embryonic mortality in most years. 

THE status and population dynamics of the American crocodile (Crocody- 
lus acutus) have long been a matter of concern and controversy. Ogden (1978) 
concluded that the number of American crocodiles in the United States was 
not increasing, and that an important factor regulating their numbers was 
mediocre nesting success, caused primarily by embryonic mortality. 

Most crocodile nesting activity in Everglades National Park occurs near 
Florida Bay in an area circumscribed around Little Madeira and Joe Bays 
(Moore, 1953; Ogden, 1978; Mazzotti, 1983; Kushlan and Mazzotti, 1988a). 
The nesting season occurs in March through August and is divided into nest 
preparation (beginning of March to mid-May), egg-laying (mid-April to mid- 
May), development (mid-April to mid-August), hatching (mid-July to mid- 
August), and post-hatching (mid-July to end-of-August) periods. 

'Present address of Mazzotti: Department of Wildlife and Range Sciences, University of Florida, 3245 College 
Avenue, Davie, FL 33314. 
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Crocodiles deposit eggs in cavities dug in soil along creek banks or exposed 
shorelines. The clutch of eggs is subsequently covered for the duration of 
development. Conditions within the nest cavity may adversely affect the 
growth and development of crocodile embryos. Ogden (1978) suggested that 
embryonic mortality was probably caused by low nest temperatures in marl 
substrate. The environment of nest cavities of crocodiles in Florida Bay has 
been documented by Lutz and Dunbar-Cooper (1984). The nest temperature 
regime they found during their study did not kill developing embryos. How- 
ever, they hypothesized that embryonic death could result from desiccation. 
As part of their study, gas and temperature probes were placed in three croco- 
dile nests during 1980. While taking a sample of gas, water was withdrawn 
from the middle of the clutch, providing the first evidence that subterranean 
flooding was occurring in crocodile nests. The purpose of the present paper is 
to describe flooding and desiccating events as probable causes of hatching 
failure in nests of the American crocodile in Florida. 

MeEtHops—Crocodile nests were located by searching shorelines and creek banks carefully by 
boat, helicopter, and on foot. Nest sites were characterized by morphometry (mound or hole) and 
by substrate (marl or sand). To provide an objective criterion for morphometry, the elevation of 
the top of the substrate above the egg cavity was compared to that of the surrounding area. If 
there was no difference in height, the nest was considered to be a hole nest. The elevation of the 
bottom of the clutch was measured relative to Florida Bay or creek water levels during 1980. 

We defined hatching failure to be the lack of successful emergence from the egg. Hatching 
failure could be the result of infertility or embryonic mortality. Embryonic mortality may be 

Table 1. Nesting of American crocodiles in Florida during 1980 and 1981. Mean clutch size 
was 39.3+9.1 (SD), n=8 nests. 

Elevation of Number of Number of 

bottom of eggslost eggs presumed 
Clutch Nest Nest Nest clutch above to lost to 
number morphometry location substrate sea level (cm) flooding desiccation 

1980 
1 Mound Shore Sand V2 0 0 
2 Mound Shore Sand 64 0 0 

3 Mound Shore Sand 45 0 0 
4 Hole Creek Marl —22 40 0 

5 Hole Shore Sand 6 14 0 
6 Mound Shore Sand 25 0 0 

d Hole Creek Marl 24.5 0 0 

8 Hole Shore Sand 14 6 0 

1981 
9 Hole Shore Sand = 0 2) 

10 Mound Shore Sand = 0 0 
1l Mound Shore Sand = 0 10 

12 Mound Creek Marl - 0 0 

eg} Hole Shore Sand = 35 0 
14 Hole Shore Sand = 0 9 
15 Hole Creek Marl = 0 0 

16 Mound Creek Marl - 0 0 
LZ Hole Shore Sand = 0 13 
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Fic. 1. Rainfall and changes in water levels measured at the Little Madeira Bay environmen- 
tal station during the 1980 breeding season. Similar trends were found at the other environmental 
stations. 

caused by predation or by environmental factors. Egg fertility was determined by the presence of 
external banding on the egg shell (Ferguson, 1982). The stage of development of dead embryos 
was determined by opening and examining eggs that failed to hatch. 

After the first clutch was discovered to be flooded in 1980, the water level within the cavity 
was monitored every two to four days for the duration of flooding, by measuring the elevation of 
ground water in a small pit dug next to the nest. Water salinity was measured with a tempera- 
ture-compensated refractometer (American Optical Co.) Water levels and salinity in the creek 
adjacent to the clutch were also monitored simultaneously. Flooding of three other nests was 
discovered during 1980 and 1981. 

Changes in surface water level were measured bi-weekly at five locations in the nesting area. 
Rainfall was measured at the same locations by a direct reading rain gauge. Water level fluctua- 
tions were measured on a meter stick fixed to the bedrock. The change in water level was plotted 
relative to the lowest water level recorded during 1979-1980. 

Rainfall records (U.S. Department of Commerce) were obtained for two climatological sta- 
tions near the study area. A 25-year period of record, 1957-81, was used to determine the rainfall 
for the incubation period. 

RESULTS AND Discussilon— Twelve clutches were found in 1980 and nine 
in 1981. Eight of the 1980 clutches were located prior to hatching and are 
discussed here. Mean clutch size was 39.3 eggs (SD 9.11, n=8). Eighty-nine 
percent of eggs laid in these eight clutches were fertile. In no clutch were all 
eggs fertile. Location, morphometry, and substrate of each clutch are de- 
scribed in Table 1. 

Rainfall in southern Florida is seasonal, with 60-80% of the annual rain- 

fall occurring from May through October. During the wet season the rainfall 
is bimodal, with peaks occurring early and late in the wet season (Fig. 1). 
The onset of the rainy season coincided with egg laying. 

Water levels in northeastern Florida Bay fluctuate both seasonally and 
over shorter time periods. These fluctuations are caused by rainfall, evapora- 
tion, and wind. Lunar tides have little effect in this area (Tabb et al., 1962). 
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Water level changes in the study area, as represented by the Little Madeira 
Bay station, during the 1980 nesting season are shown in Figure 1. Although 
short-term fluctuations occur, water levels generally increase during the incu- 
bation period (May-July) and peak after hatching (Fig. 1). 

Flooding completely destroyed one clutch in 1980 (4), one in 1981 (13), 
and partially destroyed two clutches in 1980 (5 and 8) (Table 1). Flooding 
events were closely monitored for clutch 4 during 1980 (Fig. 2). The eggs 
were flooded twice, yet no above-ground water was observed during either 
episode. During the first flooding, at least 60% of the egg cavity was flooding 
with 36 ppt sea water, and peak water levels may have occurred before moni- 
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Fic. 2. Water level changes in a crocodile clutch (4, Table 1) during 1980, showing flooding 
periods. 
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toring began. Ground water level in clutch 4 during the second flooding 
episode was 15 cm higher than during the first flooding event. The salinity 
was lower and the entire clutch was submerged during the second flooding 
episode (Fig. 2). The rainfall peaks in June and July, 1980 (Fig. 1) occurred 
close to the flooding episodes. 

During the first flooding episode, two other clutches situated at low eleva- 
tions (5 and 8) were examined. At this time the bottom of clutch 5 was 7 cm 
above ground water while clutch 8 was 12 cm above ground water. Clutches 
5 and 8 were not checked during the second flooding episode. Later examina- 
tion of eggs that failed to hatch in clutches 5 and 8 indicated that egg mortal- 
ity probably occurred during the second flooding event. 

Timing of flooding and embryonic death could be determined by an ex- 
amination of the eggs. Little development was observed in clutch 4. Eggs 
higher in the egg cavity were slightly more developed (larger embryos) than 
eggs lower in the cavity. This observation suggests that mortality occurred at 
different times with the lowest eggs dying first. All of the eggs examined from 
clutches 5 and 8 had embryos in a more advanced developmental stage than 
eggs from clutch 4. Clutches 5 and 8 also contained eggs at various develop- 
mental stages, with the most developed embryos occupying the top of the 
clutches. This pattern of differential loss of eggs from flooding was also ob- 
served by Webb et al. (1977) in Australian Crocodylus porosus. 

Flooding as a cause of embryonic mortality has been documented for 
Alligator mississippiensis (Joanen, 1969; Metzen, 1977; Goodwin and 
Marion, 1978; Dietz and Hines, 1980; Kushlan and Kushlan, 1980); for 

Crocodylus niloticus (Pooley, 1969); for Crocodylus porosus (Webb et al., 1977; 
Magnusson, 1982; Webb et al., 1983); for Crocodylus johnstoni (Webb et al., 
1983); for Caiman crocodylus (Staton and Dixon, 1977); and for Caiman 
yacare (Crawshaw and Schaller, 1979). This is the first time nest flooding has 
been documented for the Crocodylus acutus, and the first time that flooding 
was discovered to be subterranean or cryptic, with no surface water present. 

The duration of submergence was not determined precisely in this study, 
but twelve hours of submergence in fresh water is the critical tolerance limit 
for the eggs of Alligator mississippiensis (Joanen et al., 1977) and Crocodylus 
porosus (Magnusson, 1982). Given such a short critical submergence time, 
and, because of the absence of standing water, it is obvious that flood-in- 

duced embryonic mortality can occur in American crocodile nests yet not be 
documented by observers monitoring the fate of the eggs. 

Lutz and Dunbar-Cooper (1984) concluded that with the exception of 
flooding events, nest moisture depended upon rainfall. Rainfall during the 
1981 incubation period was the lowest amount of rainfall for the 25-year 
period of record at both the Royal Palm (Everglades National Park) and 
Tavernier, Florida stations. 

Packard and co-workers (1982) stated that although rigid-shelled eggs of 
reptiles are usually insensitive to the hydric environment, there may be some 
sensitivity if the nest is very dry. Ferguson (1982) has found that the presence 
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of air chambers in alligator eggs is caused by excessive water loss. Tracy 
(1981, pers. comm.) has found, also in alligators, that incomplete yolk me- 
tabolism is caused by excessive water loss from eggs due to dry nest substrate. 
If we assume that these relationships are also true for the American crocodile, 
54 eggs from four nests failed to hatch in 1981 apparently due to desiccation 
(Table 1). After a nest was abandoned by the adult crocodile, the unhatched 
eggs were opened and examined. Twenty-seven of these eggs had air sacs and 
lacked developed embryos. The other 27 had full-term embryos with incom- 
pletely absorbed yolk sacs. There was no evidence of embryos in eggs with air 
sacs. Thus it appears that low rainfall during 1981 apparently caused desic- 
cating nest conditions, resulting in egg mortality. 

Modha (1967, for Crocodylus niloticus) and Staton and Dixon (1977, for 
Caiman crocodilus) found that eggs in nests in desiccating substrates had low 
hatching success. In addition to loss of eggs, newly hatched crocodiles in 1981 
looked different than in previous years. They had swollen abdomens and 
umbilical scars that had barely closed enough to encompass the remaining 
yolk. Also, as predicted by Packard et al. (1982), the apparently desiccation- 
stressed hatchlings measured in 1981 were smaller in mass and snout-vent 
length (Kruskal-Wallis test, p<0.001) than similarly measured hatchlings in 
1978-1980 (Mazzotti and Kushlan, unpub. obs.). An alternate explanation is 
that egg mortality was not caused by desiccation per se but rather by elevated 
temperatures in dry nests. However, abnormalities of embryos and hatchlings 
caused by high temperatures, such as kinked tails (Bustard, 1971; Webb et al, 

1983) were not observed, further supporting the interpretation that desicca- 
tion, and not high temperatures, killed the developing embryos. 

In Florida, Crocodylus acutus nest in the spring, avoiding the low tem- 
peratures of winter and high temperatures of late summer. This timing also 
avoids the dry season, when desiccation is a threat, and peak water levels, 

when flooding is likely. On this schedule only extremely wet or dry years 
cause the level of embryonic mortality described here. In a more unpredicta- 
ble environment in northern Australia, Magnusson (1978) suggested that the 
prolonged breeding season of Crocodylus porosus was the result of the unpre- 
dictable timing of floods. In Florida a more predictable seasonal cycle of 
rainfall at the northern limits of the range of the American crocodile provides 
selection pressure for marked seasonality in nesting. 

Distribution of embryonic mortality (Table 2) was non-random between 
sand and marl (X? test, p<0.01, n=17) and mound and hole nests (X’ test, 
p<0.05, n=17). Flooding of hole nests was the most frequent cause of egg 
mortality. The discovery of cryptic nest flooding was the most significant 
finding of this study. Currently this level of embryonic mortality is low in 
most years (Mazzotti, unpub. obs.), however, an important implication of 
cryptic nest flooding is that low elevation hole nests, like those along creek 
banks, may be subject to increasing failure due to flooding, caused by high 
fresh water discharges into the northeastern Florida Bay mangrove zone. 
Fresh water discharge can be caused by local rainfall or water releases result- 
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ing from upstream water management practices. Increased loss of creek nests 
would be detrimental to the population of American crocodiles in Everglades 
National Park, since most of the surviving hatchling crocodiles come from 
creek nests (Ogden, 1978; Kushlan and Mazzotti, 1988b). 
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THE CHILDBIRTH EXPERIENCE: 
AN AMALGAM OF CULTURAL AND 

BIOLOGICAL FACTORS 

VIRGINIA T. KIEFERT 

Bay Area Counseling Center, Inc., Tampa, Florida 33613 

Asstract: This study addresses the effects of a childbirth preparation program which in- 
cludes education concerning the cultural influences that shape birthing experiences and the use of 
biofeedback-assisted relaxation techniques to facilitate labor and delivery. Methodology included 
utilizing hospital medical records to determine time in labor and use of medications, a post- 
delivery questionnaire and recorded interview, and participant observation of a number of the 
subjects during their labor and delivery (N = 8). The subject’s time in labor was reduced (31 
percent for first time mothers; 51 percent for those with prior birth experience), medications 
required were minimal and responses to the post-delivery interviews indicated successful incorpo- 
ration of culturally specific information to individual needs. The childbirth preparation program 
which addresses both the influences of cultural patterns on childbirth behavior and the effective- 
ness of deep relaxation on the labor process appears to improve both quantitative and qualitative 
childbirth outcome measures. 

OBSTETRICAL practices in the United States are presently experiencing 
pressure for change. Consumer interests are demanding more humanistic, 
less medicalized birthing experiences as can be seen in the development of 
non-hospital based birthing centers (Kelly, 1980; Romalis, 1982). Medical 
professionals themselves are concerned with the dramatic rise in Cesarean 
section rates evidenced in the past fifteen years. In 1970, the rate of Cesarean 
deliveries in the U.S. was 5.5%; by 1985 that figure had risen to 22.7%, a 
more than four-fold increase (National Center for Health Statistics, 1987). 

Anthropology approaches the childbirth experience as an amalgam of cul- 
tural and biological factors. While the physiological process of birth is univer- 
sally the same, the cultural construction of birth is strikingly different. As 
Jordan notes, “Observation of a woman in labor will fail to provide informa- 
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tion about her progress towards birth unless the observer is also aware of the 
cultural rules for appropriate displays during labor” (Jordan, 1980: iii). 

The research focuses on the effects of a childbirth preparation program 
which addresses both the physical processes of childbirth and its cultural 
constructions. In the program, biofeedback-assisted relaxation training is 
used to teach a physical skill (relaxation) which has positive application dur- 
ing childbirth. In addition, patient education concerning the cultural influ- 
ences which shape a birthing experience is included to increase the woman’s 
perception of the behavioral choices available to her. 

MeETHops—The pilot research consisted of the training of eight volunteer subjects, whose 
interest in the program ranged from those who were desiring a natural childbrith, to those whose 
prior childbirth was seen by them as a negative event, and one woman who could not find an 
opening in any other childbirth education program in her community. The hypothesis was that 
the training would result in a decrease in labor time and medication usage, as well as facilitate a 
positive perception of the birth experience. The subjects’ ages ranged between 21 and 38 yrs; all 
were married, with a mean educational level of 14.6 yrs. Four were experiencing their first birth 
(primigravidas), while four had previously given birth (multigravidas). The training program 
consisted of 6 to 8 1-hour meetings between the subject and the researcher. All of the sessions were 
a combination of biofeedback training of relaxation skills as well as discussion of the cultural 
beliefs and behaviors which influence childbirth. A consistent musical background was provided 
during all of the relaxation segments of the training sessions. At the initial sessions, the subjects 
were evaluated by a Pregnancy Anxiety Scale, developed by Burstien and co-workers (1974) and 
used by Schwartz (1980) in her study of biofeedback relaxation training in obstetrical care. 

All scores fell well within the normal range reported by other researchers. This was expected 
since all of the volunteer subjects had been categorized as being at low risk for obstetrical prob- 
lems by their physicians. 

The value of biofeedback-assisted relaxation techniques as facilitators for labor and delivery is 
first noted in the literature in 1978 with a study by an obstetrician (Gregg, 1978). More recently, 
two studies have described significant reductions in labor times and medication use as well as 
favorable effects on fetal and neo-natal states (Schwartz, 1980; Grad, 1980). Presently, Carl 
Powers, a clinical psychologist in Tallahassee, Florida is reporting success in his use of biofeed- 
back as a method of childbirth preparation (Powers, 1985). 

The biofeedback equipment used consisted of electromyograph (EMG), electrodermal 
(EDR), and temperature feedback units of standard clinical design (J. & J. Manufacturing Co.). 
Feedback was audio, using a drop of intensity and tonality of sound to indicate an increase in the 
depth of relaxation achieved. Clinical procedures as outlined by Brown (1977, 231) were fol- 
lowed. 

The objective outcomes for this study were time in active labor, defined as the time between 4 
cm of dilation and delivery, and the amount of medications required. The subjective outcomes 
included an evaluation by the birth attendant as to the degree of pain and anxiety observed, and 
an evaluation by the mothers of their experiences. This evaluation included both a questionnaire 
and a recorded interview. The researcher was a participant observer at four of these births and 
was invited to act as a childbirth coach. During labor, a cassette tape was used to provide a 
background of the music that had been a focus during their relaxation training. Hospital medical 
records were used to determine the duration of labor and medication usage of each subject. 

ResuLts— The subjects trained with this program who were experiencing 
their first birth had a mean labor time of 4.7 hours, an average reduction of 
3.3 hours from the minimum expected level. Those subjects with prior birth 
experience had a mean labor time of 2.5 hours, a reduction of 3 hours from 
the minimum expected (Pritchard & MacDonald, 1980). Only two of the 
eight births required medication, and both were minimal. 

The birth attendant evaluations were on a forced choice scale of 0-10. The 
scores were all below the median score of 5, indicating little observed behav- 
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ior that demonstrated pain or anxiety. The mothers’ descriptions of their ex- 
periences also yielded positive results. The final question of the post-delivery 
questionnaire dealt with the subject’s opinion of the effectiveness of the 
training they had received. For those subjects with prior birth experience, the 
relaxation training gave them an experiential contrast to their memories of 

their first births. As the labor progressed, they could appreciate the difference 
that relaxation provided. 

Discussion— The literature norm for active labor for first births is be- 
tween 8 and 10 hours (Pritchard and MacDonald, 1980). For those with prior 
births, the norm is 5.5 to 8 hours (Pritchard and MacDonald, 1980). Since the 
literature does not provide demographic background on the subjects used to 
determine these norms, it is not possible to offer any comparison on variables 
such as age, race, or ethnic characteristics or educational background. Dur- 
ing labor, it was observed that the women were able to interact with their 
environment when required, but preferred to maintain their state of deep 
relaxation whenever possible. Their facial and body postures reflected a state 
of light sleep, until transition and second stage labor during which the birth 
process requires the active involvement of the women. Also observable were 
the favorable reactions of the medical staff to the improved effectiveness of 
the subject’s second stage expulsion efforts. The application of the energy that 
had been preserved during the relaxed first stage allowed second stage to 
proceed at a rate not usually experienced by the medical staff. These mothers 
appeared to be alert and anxious to hold and interact with their infants. If so, 
that would maximize the potential for maternal and infant bonding. 

Since completion of the initial pilot study of eight subjects, the results of 
the training program have continued to be positive in clinical practice. The 
program is being marketed under the name “Joy of Birth.” At present, there 
have been 22 vaginal births to women who have completed the training. Of 
these, 11 are primiparous with a mean duration of labor (4 cm to delivery) of 
4.675 hours, and 11 are multiparous with mean labor duration of 2.76 hours. 
Medication usage remains low, with only two women having received Dem- 
erol and one having received Demerol plus an epidural anesthesic. 

Both the pilot study and continuing clinical practice indicate that a child- 
birth preparation program which recognizes both the cultural and the biolog- 
ical facets of the birth experience may be effective for all involved. Further 
investigation is needed to examine demographic, psychological and physical 
variables which may alter an individual’s response. Also noted in follow-up 
interview are the comments of the mothers concerning their ability to gener- 
alize the learned relaxation skills to other areas of their lives. This childbirth 
preparation program focused the subject’s attention on aspects of birth that 
medical staff generally do not recognize, such as their personal beliefs about 
birth and their ability to understand and practice deep relaxation. 
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POPULATION TRENDS IN THE 
PHYTOPLANKTON AND ZOOPLANKTON 

OF THE UPPER AND MIDDLE ST. JOHNS RIVER, 
FLORIDA, 1983-1984 
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Melbourne, FL 32901 

AsstracT: Monthly phytoplankton and zooplankton sampling at 12 stations in the upper and 
middle St. Johns River between October, 1983 and May, 1984 provided data for comparison with 
historical taxonomic data. Although zooplankton communities varied in composition throughout 
the river, the phytoplankton data revealed several trends. Centrate diatoms and single celled 
green algae, primarily Chlorella and Chlorococcum, were common in the upper river, which was 
characterized by low chlorophyll a. The blue greens Anacystis, Anabaena and Lyngbya were 
dominant in the more eutrophic middle section of the river, however. Periodic bloom conditions 
of blue green algae have been noted previously in the upper river lakes, and blooms also occurred 
during this study. These blooms may be related to high nutrient loading from agricultural pump- 
ing activities. 

Past biological studies of the upper St. Johns River have yielded varying 
results in terms of plankton community composition and numbers. In a study 
of the biological and chemical characteristics of the upper river, Goolsby and 
McPhereson (1970) found that unicellular green algae were dominant in 
numbers at most sites, while. the biomass was occasionally dominated by 
colonial and filamentous blue green algae. Blooms of Aphanizomenon and 
Anabaena circinalis were noted in upstream areas, along with high concen- 
trations of Anacystis, Volvuox, and Eudorina. Copepods and cladocerans dom- 
inated the zooplankton communities in river reaches, while rotifers were 
more abundant in the lakes. In a study of zooplankton in the upper St. Johns 
River by the Florida Game and Fresh Water Fish Commission (Cox, Vosatka, 
Moody, and Hartzog, 1976), the copepod Diaptomus dorsalis was found to 
numerically dominate the community in every sample taken, often represent- 
ing over 90% of the organisms. Several cladoceran species were also present. 
Additional plankton studies by the Florida Department of Environmental 
Regulation (Ross and Jones, 1979) noted low phytoplankton numbers in the 
upper St. Johns (Lake Washington), but high numbers of green algae in the 
eutrophic Lake Jessup, located in the middle St. Johns. Further studies of the 
upper river system by the Florida Game and Fresh Water Commission (Cox, 
Vosatka, Horel, and Eisenhauer, 1981) found that Anacystis was the domi- 

nant algal form throughout the study area. This blue green was occasionally 
outpopulated by diatoms and green algae at specific stations. Diaptomus was 
again the dominant representative of the zooplankton, although it was occa- 
sionally displaced by the cladoceran Bosmina longirostrus. These data indi- 
cate a shift in plankton composition from earlier studies. Additional data 
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collected during the 1981 study showed that diversities were generally higher 
at lake exits than at lake inflows, and that occasional fish kills were associated 

with blooms of Anacystis and Anabaena. 
In view of the variable plankton data noted by past studies, as discussed 

above, the current investigation was initiated to analyze the samples of phy- 
toplankton and zooplankton with the hope of further isolating trends in the 
data as well as adding to the plankton data base for the area. Since plankton 
blooms have been associated with fish kills and agricultural pumping into the 
St. Johns River, it is essential that plankton population shifts be closely moni- 
tored and regarded as indicators of water quality. 

Sire Descriprion—The St. Johns River originates in marsh areas of St. Lucie County and 
flows approximately 485 kilometers to its outflow in the Atlantic Ocean near Jacksonville. The 
river drains 23100 square kilometers and is divided into upper, middle, and lower reaches. The 
sampling area for this study involves the upper and middle reaches of the river, with twelve 
sample sites located from Fellsmere in Indian River County to Lake Monroe in Seminole County 
(Fig. 1). Each site was sampled eight times between October, 1983 and May, 1984. 

The river in the study area is characterized by great numbers of channels, marshes, and lakes 
(Ross and Jones, 1979). The relief of the entire area is low, with an average river gradient of 0.07 
m/km throughout (Cox et al., 1976), and a 0.02 m/km gradient in the area of Lake Washington 
(Mason and Belanger, 1978). Because of the small gradient, flooding often results from heavy 
rainfall events during the wet season and agricultural pumping of excess water into the drainage 
canals (Belanger and VanVonderen, 1984). Although drainage does occur through canals criss- 
crossing the area, most drainage in the area originates as sheet flow through marshes and wet- 
lands. This results in low flow rates throughout most of the year (Roberts, 1983). The numerous 
lakes located in the river proper represent pooling areas due to the low flow conditions. The lakes 
are typically large and shallow, and may be more accurately termed “drowned marshes” (Cox et 
al., 1976). 

MATERIALS AND METHOps—Phytoplankton samples were collected from the center of the river 
with a 3.0 liter Van Dorn bottle. Quantitive samples ranging from 0.5 to 4.0 liters were concen- 
trated into 69 ml sample bottles using a modified 10 um mesh BioControl nannoplankton net. 
This device has been found to give results that are comparable with centrifuging, but it allows a 
larger amount of water to be sampled (Zagorski and Welz, 1972). Sample sizes at each site varied, 
depending on the local turbidity and the tendency of the net to clog. A bottom (2/3 total depth) 
and a top sample was taken at each site per trip, and the resulting counts were averaged together. 

Zooplankton were collected by surface towing of a modified 25 ym mesh net for 30 seconds at 
boat idle speed, with the resulting sample again being concentrated into a 69 ml bottle. In order 
to obtain a somewhat quantitative estimate of zooplankton numbers, calculations were per- 
formed that related towed concentrates of zooplankton with concentrates prepared by pouring 
known volumes of water though the net. From these measurements estimates of the true amount 
of water being filtered at each station were made and used to calculate the actual zooplankton 
concentrations. This adjustment was made to partially correct the counts for the variable ten- 
dency of the net to clog. Both phytoplankton and zooplankton samples were preserved with 
buffered formalin and cupric sulfate, as recommended in Standard Methods (APHA, 1975). 

Phytoplankton and zooplankton were enumerated using a Sedgewick-Rafter counting cham- 
ber. The Palmer-Maloney cell, as well as the suction filtration method, was used for organisms 
that required additional magnification. Both strip and whole cell counting methods were em- 
ployed. The data collected have meaning only in a relative sense, as filamentous and colonial 
forms were recorded as individual organisms and not by the actual number of cells present. 
Effort was made to count at least 100 organisms per slide, but 200 or more was the norm. In 
addition to identification of plankton, chlorophyll a was determined at each site (spectorophoto- 
metric method in APHA, 1975). 

RESULTS AND Discussion—Phytoplankton populations throughout the 
river were in most cases heavily dominated in numbers by minute, single-cell 
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Chlorophyta, especially Chlorella and Chlorococcum. High counts of fila- 
mentous and colonial blue green algae such as Anabaena circinalis, Lyngbya, 
and Anacystis were also common, particularly at Lake Harney exit, Lake 
Jessup, and in Lake Monroe (Table 1). These areas receive nutrient loads 
from tributaries and agricultural runoff, and researchers, such as Brezonik 
(1976), have stated that blue green blooms are a typical symptom of an area 
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TaBLE 2. Monthly values of chlorophyll a (mg/m%) in the St. Johns River between October, 
1983 and May, 1984. 

Sample Site Oct Nov Dec Jan Feb Mar Apr May Average 

1. Zigzag Coes Wh ats ar Coll sil LG Ope 
2. Sawgrass 9° 2.4 4 2p Ors ie Qe ON G73 4.8 
3. Washington ese SIN) Sie OLGhPRRA on mond) Netcom e226 4.2 
4, Poinsett In Snoe ele omens cin eno 4 189 13.3 1.9 6.5 
5. Poinsett Out Ori eelnos sls ei Nay cet ile meO.2,82 3.4 5.0 
6. Route 50 Ors On7 3 On eet oneal 1 2 
7. Harney In Pas Sage) Bigs) Us Ded | Bi) cela Ie 3.6 
8. Harney Out SOn0n Oi lee 23Mlan Go ao. ou LOLS) e050) 956 18.7 
9. Jessup G25- 152) 1465 48°4 G6 1285577 187 120.9 
10. Monroe In 28.8 37.4 30:6 48.4° 5.9 17:5 12.9 6.8 23.5 
11. Monroe Cen 2Or3 Ss 96329 9 10,99 2053 63.65 5055 II 3551 
12. Monroe Out QiGlahoS Ome ce Ones alee (ae 4 le 2 SO-A se eloLo) ge 24e5 

receiving high nutrient loads. Average chlorophyll a data (Table 2) also indi- 
cate the tremendous increase in biomass in the middle sections of the river, as 

compared to the upper reaches, and this is due primarily to the high filament- 
ous blue green densities. 

The less nourished areas of the river were dominated in numbers by green 
algal cells, but diverse diatom populations were commonly present. Typical 
diatoms included Cocconeis, Synedra, Fragilaria, Amphora, and Navicula, 

as well as several centrate forms. Other common Chlorophyta included 
Ankistrodesmus, Scenedesmus spp., and Pediastrum. Chlorophyll a concen- 
trations were typically low, however (Table 2). In a study of nutrient poor 
mountain lakes, Priddle and Happey-Wood (1983) noted similar phyto- 
-~plankton populations as those found in the St. Johns, except that green cell 
numbers in the river appear to be subject to greater fluctuation. This may be 
due to the periodic agricultural runoff and pumping from nearby farmlands. 
The abundance of green cells in the upper river was noted previously by 
Goolsby and McPhereson (1970), however, Cox et al. (1981) found Anacystis 
to be the numerically dominant phytoplankton form in the upper river eleven 
years later. In the current study, Anacystis and Lyngbya were the dominant 
blue greens in the more eutrophic areas of the river, such as Lake Jessup, but 
were seldom found in the upper reaches. The 1981 Anacystis blooms noted by 
Cox et al.(1981) in the upper river apparently endured long enough to be a 
major factor in their taxonomic results, but are no longer typical of the river’s 
condition during most parts of the year. 

Brief pulse conditions were noted in the upper river for several species of 
nuisance algae. There was (1) an abnormally high concentration of the filter 
clogging Chrysophytan, Dinobryon, in Lake Sawgrass during April, 1984, 
with average concentrations of 9 filaments per ml (chlorophyll a was 10.0 
mg/m’), which can be considered significant since this was the only sighting 
of Dinobryon in the river during this study, and it apparently accounted for 
the highest chlorophyll a concentrations noted in the area, and (2) a bloom of 
the noxious blue green, Anabaena circinalis, on Lakes Sawgrass and Wash- 

ington in June, 1984 (an extra sampling trip was arranged to study the 
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bloom), with concentrations of 1365 and 1217 filaments per ml, respectively 
(chlorophyll a was 45.6 mg/m* in Lake Sawgrass, and 12.2 mg/m’ in Lake 
Washington). The latter bloom was associated with a fish kill in the adjacent 
river areas. The sources of these blooms are as yet undetermined, but Be- 
langer and VanVonderen (1984) believed many of the blooms and associated 
fish kills in the river were related to high nutrient and BOD loading associ- 
ated with heavy rainfall and agricultural pumping. 

Zooplankton communities varied in composition over the course of the 
river (Table 3). Casings of the protozoan Codonella cratera were very com- 
mon, often occurring at eight of the twelve stations, and they were especially 
abundant in the lower sections of the river. Cladocerans, mainly represented 
by Daphnia and Bosmina, were most populous near the outflows of Lakes 
Poinsett and Monroe. The primary representatives of the rotifer population 
were Keratella spp., Trichocera, and Polyarthra. The most common copepod 
was Diaptomus dorsalis. This organism has the ability to produce large quan- 
tities of small eggs, a characteristic which allows it to outcompete other spe- 
cies in areas of high predation and abundant food (Elmore, 1983). Rotifers 
and copepods exhibited similar population levels throughout most of the 
study area, but rotifers heavily dominated in areas of suspected high organic 
loading, such as Lake Sawgrass and Jessup. In these lakes, rotifer: copepod 
ratios, which were typically 1:1 in most areas of the river, increased to 1:2 
and 1:10, respectively. In relation to past studies it appears that overall domi- 
nance has shifted from copepods to rotifers in certain reaches of the river, a 
possible sign of water quality deterioration or an increase in predatory pres- 
sure on the copepod population. 

The position of the sampling sites in the lakes appeared to have a pro- 
nounced effect on the phytoplankton data. The three lakes studied had 
greater average phytoplankton densities at lake exits than at lake inflows, 
although on a month-to-month basis this varied widely. Standing lake water 
favored diatom growth more than any other group and blue green counts 
were the least affected by sampling site location. The occurrence of blooms at 
inflows did not necessarily lead to such a state at outflows, as illustrated by 
the bloom of Anabaena circinalis in Lake Sawgrass. The densities decreased 
from 1362 filaments/ml to 1217 filaments/ml in the two mile stretch of unin- 
terrupted river between Lake Sawgrass and Lake Washington, an almost 
negligible drop, but the density decreased from 1217 at the inflow to 242 
filaments/ml in the center of Lake Washington. A pulse of Dinobryon fol- 
lowed a similar pattern. It would seem that blooms can be maintained in 
areas of the upper river system which are exposed to numerous inflows per 
volume of river water, but population numbers decline when they reach open 
lakes where available nutrients become dispersed. Low average plankton 
populations in Lake Washington lend support to this reasoning. 

Zooplankton densities also varied depending on whether the sampling site 
was located at the inflow or at the outflow of a lake. Densities were higher at 
outflows than at inflows in two of the three lakes studied, with the exception 
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being Lake Monroe. This exception was probably due to the high loading of 
nutrients, phytoplankton, and zooplankton from Lake Jessup, which would 
tend to affect waters at the inflow of Lake Monroe much more than the 
outflow. Zooplankton densities were lowest at the Route 50 crossing, which is 
located in a long stretch of river uninterrupted by lakes. Previous studies on 
the open water of the river have shown that the greatest densities and diversi- 
ties occur along shorelines (FGFWFC, 1983 unpublished data), so it would 
be expected that the Route 50 crossing would support a higher population due 
to the relatively narrow stream and the proximity of the shore. However, 
predation pressure may be reducing populations at the stream center where 
the samples were taken. Lakes appeared to support higher populations of 
zooplankton than narrower river reaches. 

Lake Jessup extends from the St. Johns river system just above the en- 
trance to Lake Monroe and is not in the main river flow (Figure 1). Plankton 
populations dominated by high numbers of blue greens (ranging from 1006 to 
32,000 organisms/ml), as well as general observations of the green cast of the 
water, high turbidity, and thick benthic organic sediment deposits, indicate 
the highly eutrophic condition of Lake Jessup. The chlorophyll a values for 
this lake are extremely high, indicating a hypereutrophic condition (Table 2). 
The lake receives agricultural nutrient inputs from surrounding areas but, 
due to its orientation, it is not subjected to river flushing and has a much 
higher detention time than the other lakes. Nutrients, therefore, tend to build 

up and recycle in the lake. The water that does escape from Lake Jessup 
carries high levels of blue green algae down the river, where they are detected 
at the inflow of Lake Monroe. It appears the algae disperse in Lake Monroe 
and diminish to levels typical of a St. Johns lake at the Monroe outflow, but it 
is possible that the influence of Lake Jessup could periodically lead to signifi- 
cant water quality problems and the propagation of blooms in Lake Monroe. 
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AGE FACTORS VERSUS LAND CHARACTERISTICS 
IN UNDERSTANDING HEART AND 

COLORECTAL CANCER DEATH RATES 
AMONG FLORIDA COUNTIES 
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()Department of Soil Science, University of Wisconsin, Madison, Wisconsin 53706 and 
(2)Chemical and Environmental Management Services (CHEMS) Center, 

Department of Chemistry, University of South Florida, Tampa, Florida 33620 

Asstract: The role of age factors (e.g. where persons over 65 live in Florida) is considered in 
comparing the heart and colorectal cancer death rates in 67 counties in Florida. The degree of 
association with age (percentage of those 65 and older) and heart death rate was r?=0.77 
(p <0.001); for age and colorectal cancer rate, the value was r? = 0.63 (p< 0.001). The results are 
compared with land factors and the influence of age is shown to be a dominant factor, even with 
age-adjusted data for the heart death rates. The association of percentage of persons over age 65 
years is less evident with colorectal cancer death rates, even though the latter are not age-ad- 
justed. The importance of age factors may be the result of the unique population in Florida; that 
is, a rapidly growing state that has traditionally attracted a post-65-year population. 

As a consequence, age-adjusted factors that are based on an idealized 1940s population used 
for age-adjustment reflect an inadequacy of the population base for the present population. 

WHILE inter-regional shipment of food was thought to mitigate geograph- 
ical differences in inorganic nutrients in the food chain, this concept has been 
shown to be inappropriate (Jackson et al., 1986a). The supply of iodine, for 
example, is well known to vary geographically in the United States and other 
countries. It is becoming increasingly evident, for example, that geographical 
variation of soil selenium concentration has two important consequences. 

Deficiency of selenium in humans (“Keshan disease”) (Yang et al., 1982) 
causes cardiomyopathy (white muscle disorder or heart death) in persons of 
varying ages (Xiu et al., 1982), even those 2 to 15 years old in China (Li and 
Jackson, 1985). Selenium toxicity of course can also occur. Toxicity is a signifi- 
cant problem at concentrations above 3,000 ng/ml of blood (Leavander, 
1982). The effects of deficiency were observed at concentrations under 260 
ng/ml of blood in the U.S.A. (Li and Jackson, 1985). 

The role of selenium as a protective factor against heart death and col- 
orectal cancer death may be because a significant enzyme, selenoglutathione- 
peroxidase, destroys oxygen radicals. The different roles of selenium in the 
food chain were summarized in previous papers (Jackson et al., 1986a, b; 
Jackson, 1987) in this series that consider the role of land factors in heart 
death rates and colorectal cancer death rates. 

This study considers the involvement of the unique age distribution in 
Florida and examines the relation between heart and colorectal cancer death 
rates and the relative proportion of post-65-year persons in each of Florida’s 
67 counties. 
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MEtTHops— Population and death rates were obtained from the Florida Department of Health 
and Rehabilitation Services for a four-year period (1979-82) for heart death rates and for stomach 
and colorectal cancers. Deaths were averaged, and the annual rates per 100,000 population were 
derived for each of the 67 counties for each cause of death (Jackson et al., 1986a). The data thus 
obtained are listed as Table 1. The distribution of post-65 population (Table 1) was obtained from 
the Bureau of Economic Research, University of Florida (Ahmed and Smith, 1986). 

Correlations were attempted between the percentage of 65 years and older in a given Florida 
county and the heart death rates or colorectal death rates, 10° year-! (Jackson et al. 1986a). 

TABLE 1. Death rates for heart failure and stomach-and-colorectal cancer for Florida counties 

in comparison with percent of population 65 years and older 

Death Rates, deaths/10° persons/year> 

Percent? Stomach and Colorectal Age-Adjusted 
County 65+ Cancer, 1979-1981 Heart deaths, 1979-1982 

Alachua 8.2 53 154 

Baker 9.6 65 225 
Bay 10.9 63 279 
Bradford 10.1 76 217 

Brevard 15.4 99 293 

Broward 23.4 143 459 

Calhoun KG.2 118 383 
Charlotte 35.3 176 637 
Citrus 30.1 137 532 
Clay 8.1 60 268 
Collier 21.6 95 333 
Columbia 10.5 14 257 
Dade eye 109 Sle 
Desoto Mes 78 426 

Dixie 14.3 125 279 
Duval Thea 91 297 
Escambia 10.3 56 248 

Flagler 22.6 100 42] 
Franklin 14.0 182 319 

Gadsden MOAea 62 284 
Gilchrist 12.6 68 323 
Glades 15-7 LOA 349 
Gulf Waa 113 314 
Hamilton 14.4 103 391 
Hardee 11.9 66 324 
Hendry 9.8 58 290 
Hernando 29.1 148 473 

Highlands 28.8 160 551 
Hillsborough 12.5 98 299 
Holmes 15.2 61 494 
Indian River year 145 394 
Jackson 14.6 76 406 
Jefferson 16.4 74 258 
Lafayette 13.5 25 353 
Lake 27.8 137 575 
Lee 24.0 134 431 
Leon 7.8 43 159 
Levy 17.4 94 373 
Liberty DA 164 397 
Madison 14.3 106 419 
Manatee ihe 178 537 

Marion 19.7 113 348 

Martin 25.9 147 465 
Monroe 15.8 80. 278 
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TABLE 1. continued 

County 

Nassau 

Okaloosa 

Okeechobee 

Orange 
Osceola 

Palm Beach 

Pasco 

Pinellas 

Polk 

Putnam 

St. Johns 
St. Lucie 

Santa Rosa 
Sarasota 

Seminole 

Sumter 

Suwannee 

Taylor 
Union 

Volusia 

Wakulla 
Walton 
Washington 

Mean+S.D. 

aData from Smith and Amed (1986) for 1985. 
bData from Jackson et al. 1986a. 
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Percent# 

65+ 

Death Rates, deaths/10° persons/year> 

Stomach and Colorectal¢ Age-Adjusted 
Cancer, 1979-1981 Heart death, 1979-1982 

69 197 
48 200 

106 358 
85 286 

122 497 
126 556 
182 555 
189 639 
94 353 
98 356 

120 367 
120 427 
4] 236 

177 543 
76 235 
85 433 
87 300 
90 310 
88 278 

154 546 
54 248 
42 440 

102 506 

101+ 42 369 + 115 

cData for stomach-and-colorectal cancer are not age adjusted values. 

TABLE 2. Correlation of heart and colorectal cancer death rates with percentage of Florida 
residents 65 years of age and older 

HDR CPR 

122+ 18 20.7+8.3 
14.65+1.0 4.74+0.45 
0.8789 0.7924 
0.772 0.63 
220 108 

0.001 0.001 

*Defining equation, e.g., HDR=a+b(% 65+); N=67 counties. 

RESULTS AND Discussion— Table 2 lists the results of a regression analysis 
of the dependent variable heart death rates (Y) or colorectal cancer death 
rates (Y) with the independent variable (percentage of individuals over 65) in 
67 Florida counties. 

The results (Table 2) indicate both dependent variables follow a linear 
relationship with the independent variable that leads to a linear correlation 
coefficient, r, which is statistically significant (p<0.001). In addition, the 
degree of association, r?, was about 0.77 and 0.63 when the dependent varia- 
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ble was heart death rates and colorectal cancer death rates, respectively. 
These observations may indicate that age is a significant factor in under- 

standing the pattern of death rates observed in Florida even though the heart 
death rates are age-adjusted. The distribution used in calculating age-ad- 
justed rates may not accurately reflect a current population of the United 
States, and they probably do not reflect the population of Florida, which 
deviates in two significant respects from a norm. First, Florida is a rapidly 
growing state (it was the fourth most populous state in 1986). Second, the age 
distribution in Florida tends to be skewed toward older persons (OVS, 1985), 
as indicated by the data in Table 3. 

Thus, the data indicate that even age-adjusted values tend to have biased 
values in the Florida population. The correlation should be more pronounced 
for colorectal cancer death rates, for which age-adjusted rates were not avail- 
able, but in fact is higher for heart death rates (Table 2). 

The results suggest a correlation of the two death rates in Florida counties 
with percentage of age 65 and older population, but the results, while statisti- 
cally valid, need to be considered with more caution. The degree of associa- 
tion of the heart and cancer death rates is 0.53, and is similar to the degree of 
association between colorectal cancer death rates and relative age (Table 2). 

TABLE 3. Comparison of 1940 United States age distribution with 1985 distribution of Florida 
total population* 

Age Group Percent of total population 
Years 1940, USA 1983, USA 1985, Florida 

0-1 1.53 1.57 1.12 
1-4 6.47 5.96 3.92 
5-14 17.04 14.55 10.77 

15-24 18.17 17.40 17.09 
25-34 16.21 eet 16.19 
35-44 13.92 9.50 10.47 
45-54 11.78 12.56 9.58 
55-64 8.03 9.56 12.06 
65-74 4.84 7.05 11.57 
75-84 eas 3.59 5.79 
85+ 2.70 1.10 1.42 

*OVS, 1985; NCHS, 1985 

One way of testing the association of variables is to consider provisionally 
that heart (variable 2) and colorectal death (variable 3) rates might be related 
to a common factor, i.e., percent of age 65 and older in each county (variable 
1). Thus, though simple linear correlation of variable 2 with variable 1 leads 
to a degree of association of 0.77 (r;,), would the degree of association be 

improved through consideration of a third variable (colorectal death rates), 
leading to a coefficient of multiple determination R’,,,? This coefficient was 

Ri a3 = [Ti+ Tis + — 2(ToXT 3X1 23) |/(1 — £35) (1) 

calculated (Eqn 1) (Croxton, 1959) on the basis that an association between 
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three variables was suspected, the result, R?,,=0.92, would indicate that in- 

troduction of the third variable, does not explain otherwise unexplained vari- 
ation in a variable. 

One may be critical of the choice of variables, so the order was changed 
and the coefficient of multiple determination was recalculated. Assuming 
that variable 1 is heart death rate, variable 2 is colorectal death rate, and 

variable 3 is percent of persons 65 and older in each county, the value of R?,, 

becomes 0.89. This value is not substantially different from the other one, but 
either value shows that addition of the third variable does explain previously 
unexplained variation in one of the other two variables selected. Clearly, 
from this study and the earlier one (Jackson et al., 1986a), heart and colorec- 
tal death rates in Florida counties are related to each other. Presumably indi- 
viduals can only die of a single cause, and thus, we presume that the two 
causes of death are related to another cause. 

While the data R?.,, indicate an association of heart or colorectal death 

rates with percentage of population age 65 and older in Florida counties, does 
this eliminate the involvement of land factors that was considered (Jackson et 
al., 1986a)? No, because the effects may be subtle ones in more populous 
Florida counties. People in a given county may be consuming locally grown 
food, or they may be sensitive to restricted food habits. Recent research has 
emphasized the association between beta-carotene in the diet and lower inci- 
dence of certain cancers (Menkes et al., 1986). Rich sources of beta-carotene 
are such dark green vegetables as broccoli, collard greens, kale, spinach, 

swiss chard, and turnip greens, as well as yellow-orange vegetables such as 
carrots, pumpkins, and sweet potatoes, or such fruits as apricots, cantalope, 

peaches, and papayas. We wonder whether the post-65 age correlation re- 
flects a restricted diet because of restricted income or altered tastes (Henkin, 
1976). 

In any event, the results we have described here and elsewhere indicate 
an age factor and possibly a diet or other land factor. It seems appropriate to 
obtain more information to be able to obtain a clearer understanding of the 
basis of the variations in heart death rates and colorectal cancer death rates in 
various localities. 
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AIRBORNE ALGAE FROM NORTH-CENTRAL FLORIDA 
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AsstracT: Four collections of airborne algae obtained along a transect across northcentral 
Florida yielded 111 species. Fifty-nine were members of the Cyanophyta, 48 of the Chlorophyta, 
3 of the Chrysophyta and 1 of the Euglenophyta. The larger number of species isolated in the 
warmer months are attributed to meteorological conditions and farming activities during this 
period that provide transport of algal propagules from the disturbed soil. 

ALTHOUGH Parrando and Davis (1972) surveyed airborne algae from 
northcentral Florida, their work is of limited value, for in addition to the 

rather small area sampled during the 6 month study, the scheme they used to 
identify the blue-green algae has been seriously questioned (Friedmann, 
1982). No other studies have since appeared on the airborne algae of Florida. 
The present study compiles airborne algae of 4 collections obtained from sites 
across the peninsula of Florida over an entire year, and employs a widely used 
classical identification scheme for the blue-green algae. 

MATERIALS AND METHODs— Mineral culturing media used in this study included BBM (Bold 
and Wynne, 1978), BG-11 (Rippka et al., 1979), and BG-11 without combined nitrogen. All 
media preparations were solidified with 1.5% agar, sterilized and poured into sterile plastic 
plates or sterile screw capped test tubes. 

Sixteen consecutive sampling sites at approximately 17 km intervals were established along an 
east-west transect across northcentral Florida at a latitude of 29° 40’N. Site 1 was situated adja- 
cent to the Atlantic ocean, near the city of Crescent Beach, site 4 just outside the city of Palatka, 
site 8 on the east side of the city of Gainesville, site 12 near the town of Fanning Springs, and site 
16 adjacent to the Gulf coast, at the town of Steinhatchee. Samples were gathered at each 
collecting site on November 10, 1984, and February 9, May 11, and August 6, 1985. Algal 
sampling began on the east coast at site 1 at approx. 0730, proceded along the transect, and was 
completed the same day on the west coast at site 16. Data recorded at each site included air 
temperature (digital thermometer), relative humidity (wet-dry bulb apparatus), and wind speed 
estimates (none, light, moderate, strong). 

To sample airborne algal populations at each site, four plates (2 with BBM, 2 with BG11) 
were secured to a hand held holder and exposed for one minute from an automobile moving at 50 
km/hr. A second method employed the Rotorod apparatus (Metronics Associates, Palo Alto, Cali- 
fornia, Model 65A), a particle sampler that spins 2 sterile plastic collecting rods coated on the 
leading side with silicone grease at a constant speed. Two 10 minute spins at each collecting site, 
with the apparatus in a stationary position one meter above the ground, yielded 4 exposed rods. 
After exposure, the rods were removed from the apparatus with sterile forceps and placed in a 
sterile holder. In the laboratory, 2 rods from each site were streaked across the surface of BBM, 
and the other 2 on BG-11, and then left on the plate, with the coated side in contact with the 
medium. These plates and those exposed from the moving vehicle were placed in an environmen- 
tal chamber with a constant temperature of 22°C, a light intensity of 150 uE M?S? with a 12:12 
h light:dark cycle. 

Algal colonies developed on each plate after 2 to 24 weeks. After a microscopic examination of 
the colonies, a portion of each colony was transferred to a test tube containing sterile medium. 
Blue-green algae were placed on BG-11 and BG-11 without combined nitrogen; the others were 
placed on BBM. Cultures were then placed in the environmental growth chamber and allowed to 
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develop until identification was possible. To aid the identification of diatoms, frustules were 
cleared with a hotplate method (Patrick and Reimer, 1966) and then mounted in Hyrax. For 
many of the blue-green and green algae, a 5% methylene blue aqueous solution was used to 
confirm the presence and consistency of sheath material, and an I, KI solution was used to detect 
the presence of starch. The criteria of Starr (1955) and Bold (1970), and the supplementary 
characteristics of Bold and Parker (1962) facilitated species determination of certain coccoid 
green algae. For species determination in the blue-green algae, the schemes of Geitler (1932) and 
Desikachary (1959) were used. 

TABLE 1. Taxa recovered along a transect across northcentral Florida from December 1984 to 
August 1985. Numbers indicate recovery sites along the transect. 

Taxa Month: Recovery Sites 

CYANOPHYTA 

Anabaena anomala Fritsch Dec: 10,16 Feb: 15 May: 4-5 Aug: 12,16 
May: 13,16 

A. orientalis Dixit May: 13 
A. oryzae Fritsch Dec: 7-8 May: 4-5 Aug: 9-10 

May: 8,13 
A. variabilis v. Feb: 8,11 May: 2,5 Aug: 9-10 

ellipsospora Fritsch Feb: 13,15 May: 9,13 
A. variabilis v. Dec: 4 

kashiensis (Bharadw.) 
Fritsch 

Aphanothece saxicola Nag. Dec: 16 
Calothrix marchica Lemm. Aug: 13 
Chroococcus minor (Kiitz.) Nag. Dec: 14 
C. minutus Kiitz. Nag. May: 3 
C. pallidus Nag. Aug: 3 
Dichothrix baueriana May: 2,12 

(Grun.) B. & F. 
Gloeocapsa livida May: 10 

(Carm.) Kitz. 
Fischerella ambigua Aug: 11,13 

(Nag.) Gom. 
F. musicola May: 10 

(Thuret) Gom. 
Iyengariella Dec: 9 Feb: 11 May: 3 

tirupatiensis Desik. 
Lyngbya aerugineo- Dec: 4,10 May: 3 Aug: 11 

coerulea 
(Kiitz.) Gom. 

L. bipunctata Lemm. Heb o,9 May: 3,5 Aug: 3,12-13 
May: 9,14 Aug: 16 

L. circumcreta West Feb: 9,12 May: 5,13 Aug: 8-9 
Feb: 15-16 Aug: 12,15 

L. contorta Lemm. Dec: 4 Feb: 9 
L. digueti Gom. Dec: 4,7 Feb: 1,4,7 May: 2,3 Aug: 5-7 

Dec: 9,12 Feb: 9-11 May: 7-9 Aug: 12-15 
Dec: 15-16 Feb: 13-16 May: 13,15-16 

L. kistzingiana Dec: 2,5 Feb: 5,7 May: 9,12-13 Aug: 1-5,7-13 
Kirchner Dec: 7-16 May: 15 Aug: 16 

L. lagerheimii Dec: 2-3 Feb: 4,6-9 May: 1,3,7: Aug: 3-5,7 
(MGb.) Gom. Dec: 7-10 Feb: 11,1 May: 12 Aug: 10 

Dec: 14-15 Feb: 15-16 May: 15-16 Aug: 12-16 

L. martensiana Dec: 14 
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TABLE 1.— continued 

Taxa 

Menegh. 
L. palmarum 

(Mart.) Bruhl & Biswas 
L. perelegans Lemm. 
L. spiralis Geitler 
Microcoleus vaginatus 

(Vauch.) Gom. 
Nostoc commune 

Vaucher 

N. ellipsosporum 
(Desm.) Rabenh. 

N. muscorum Ag. 

N. passerinianum 
(DeNot.) Born. 

Oscillatoria geminata 
Menegh. 

O. splendida Grev. 
Phormidium ambiguum 

Gom. 
P. bohneri 

Schmidle 
P. foveolarum 

Gom. 

P. fragile 
(Menegh.) Gom. 

P. jadinianum Gom. 
P. jenkelianum 

Schmidle 
P. rubroterricola 

Gardner 
P. tenue 

(Menegh.) Gom. 

P. usterii 
Schmidle 

P. valderianum 
(Delp.) Gom. 

Plectonema gracillimum 
(Zopf) Hansg. 

P. tenue Thuret 
P. tomasinianum 

(Kiitz.) Born 
Schizothrix 

lenormandiana Gom. 
S. mulleri Nag. 
Scytonema schmidlei 

DeToni 
S. schmidtii Gom. 
S. tolypotrichoides 

Kiitz. 
Stigonema hormoides 

(Kiitz.) B. & F. 

FLORIDA SCIENTIST 

Month: Recovery Sites 

Feb: 9 

Feb: 9,13 
Dec: 14,16 Feb: 15 
Dec: 6,9 Feb: 5,9 
Dec: 12,14 

Dec: 3-5 Feb: 5,11 

Dec: 8,10,12 

Dec: 15-16 

Dec: 3,9 

Dec: 12,14 
Feb: 2 

Dec: 2,4 Feb: 7 
Dec: 5,7 

Dec: 5,7-8 Feb: 4-5 
Dec: 13-16 Feb: 7-9 

Dec: 2,5,9 Feb: 5,7,9 
Dec: 13,16 Feb: 10-11 

Feb: 15-16 
Dec: 7 Feb: 9,15 

Dec: 11 

Feb: 5,15 

Dec: 5,7 Feb: 2,9 
Dec: 14-16 

Dec: 3-5 Feb: 4,11 
Dec: 7-10 

Dec: 12-16 

Feb: 8 

Feb: 8 

Dec: 7,15 Feb: 4-5 
Feb: 9,11 

Dec: 9 Feb: 15 

Dec: 3,10 

Dec: 3-4 

Feb: 13 

Dec: 9 

Feb: 7 

Feb: 9 

May: 
May: 
May: 
May: 
May: 
May: 

May: 

May: 
May: 

May: 
May: 11-13 

[ Vol. 51 

Aug: 
Aug: 
Aug: 

Aug: 

Aug: 
Aug: 

Aug: 

Aug: 
Aug: 
Aug: 
Aug: 
Aug: 
Aug: 

Aug: 
Aug: 
Aug: 
Aug: 
Aug: 

Aug: 

Aug: 
Aug: 

Aug: 

5,7,9,15 

9,13 

8,10 
12,15 
2-5 
7-10 
12,14,16 

10 

3,7-8 
10-16 
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TABLE 1.—continued 

Taxa 

Symploca cartilaginea 
(Mont.) Gom. 

S. muralis Kiitz. 
S. parietina 

(A. Br.) Gom. 
Synechocystis 

aquatilis Sauv. 

Tolypothrix boutellei 
(Breb. & Desm.) Forti 

T. byssoidea 
(Berk.) Kirchn. 

T. tenuis 
(Kiitz.) J. Schmidt 

CHLOROPHYTA 

Bracteacoccus grandis 
Bixch. & Bold 

Chlamydomonas sp. 
Chlorella fusca v. 

vacuolata 
Shihira & Krauss 
C. luteoviridis 

Chodat 

C. minutissima 
Fott & Novakova 

C. protothecoides 
Kruger 

C. saccharophila v. 
ellipsoidea 
(Gern.) Fott & Novakova 

C. saccharophila v. 
saccharophila 
Fott & Novakova 

C. vulgaris v. 
vulgaris 
Fott & Novakova 

C. zofingiensis 
Donz. 

Chlorococcum 
citriforme 

Arch. & Bold 
C. ellipsoideum 

Deason & Bold 
C. fissum 

Arch. & Bold 
C. minutum Starr 
C. novae-angliae 

Arch. & Bold 
Chlorosarcina sp. 
Chlorosarcinopsis 

aggregata Arce & Bold 
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Month: Recovery Sites 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

2,8 Feb: 1,5 

10 Feb: 8-9 

Feb: 11,16 

2 

5-6,9 

12,16 

14-15 

12 

Feb: 9 

6,8 

10 

5,12 Feb: 6 

16 

: 4 Feb: 7 

6-11 Feb: 12-13 

: 16 Feb: 15 

9 

: 4,6 Feb: 2-3 

12-15 Feb: 5-7 

Feb: 11-12 

Feb: 14-15 

OO Feb: 3,7 

10,12 Feb: 11,15 

14-16 

10 Feb: 3,7,10 

12-15 Feb: 15 

10 

8,10 

7-8 Feb: 12 

10,12 

5 

May: 

May: 
May: 
May: 

May: 

May: 
May: 
May: 

May: 

May: 

16 

: 5-6 

3 IOSD 
: 13,15 
5 ey} 

: 10 

4a 

: 16 

6 

Ooi 

: 14-15 

May: 
elt, 
3,5 

16 

Ol 
: 12-14 

Satins) 

: 3,9,15 

Aug: 
Aug: 
Aug: 

Aug: 

Aug: 

Aug: 

95 

4-5 
7,9-10 
12,15-16 

a 

2 

15 

: 10 

14-15 

or) Lakes) Lis) 

: 10 

we 

: 12 

LO) 

Fe ito, 

: 2.7-8 

: 5,7-10 

: 15 
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TABLE 1.—continued 

Taxa 

C. minuta 

Groover & Bold 
C. sempervirens 

Groover & Bold 
C. variabilis 

Trainor & Hilton 
Gongrosira sp. 
Klebsormidium 

pseudostichococcus 
Heering 
K. rivulare Kitz. 
K. sterile 

Deason & Bold 
K. subtilissimum 

Mattox & Bold 

Neochloris aquatica 
Starr 

N. gelatinosa Herndon 
N. pseudostigmatica 

Bisch. & Bold 
N. pyrenoidosa 

Arce & Bold 
N. terrestris 

Herndon 

Oocystis lacustris 
Chodat 

O. parva West & West 
O. polymorpha 

Groover & Bold 
O. solitaria 

Wittrock 
O. submarina Lag. 
Palmella sp. 
Protoderma sarcinoidea 

(Groov. & Bold) Tupa 
Protosiphon 

bortyoides Klebs 
Pulchrasphaera 

macronucleatum Deason 

Scenedesmus adundans 
(Kirchn.) Chodat 

S. bijunga (Turp.) 
Lagerheim 

S. brasiliense Bohlin 

S. quadricauda 
(Turp.) deBreb. 

Stichococcus bacillaris 

Nag. 

S. chlorelloides 
Gritz. & Peter. 

S. mirabilis Lag. 
Tetracystis aggregata 

Brown & Bold 

FLORIDA SCIENTIST 

Month: Recovery Sites 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

Dec: 

16 

4 Feb: 1,7 

10-12 Feb: 15 

7 Feb: 12 

7 Feb: 4 

Feb: 12 

3,5-7 Feb: 3 
9,13 Feb: 13-15 

7 Feb: 13 

May: 

May: 
May: 

May: 
May: 
May: 
May: 

May: 

May: 

May: 
May: 
May: 

May: 
May: 

3,15 

5,13 
16 
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Aug: 2 

Aug: 8 
Aug: 5,9-10 

Aug: 8 

Aug: 5,7 
Aug: 10 

Aug: 8 
Aug: 15 

Aug: 13,15 
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TABLE 1.—continued 

Taxa Month: Recovery Sites 

T. dissociata May: 12 
Brown & Bold 

Chrysophyta 
Botrydiopsis arhiza Feb: 13 May: 5 Aug: 12,15 

Borzi 
Hantzschia amphioxys May: 5,13 

Grun. 
Navicula confervacea v. Dec: 11 

peregrina 
(W. Sm.) Grun. 
Euglenophyta 
Euglena sp. Dec: 15 

Resutts—For November and February, air temperatures ranged from 
0.2 to 26.9°C, relative humidities from 38 to 86% and wind speeds from 
none to moderate. For May and August, air temperatures ranged from 21.4 
to 32.9°C, relative humidities from 41 to 92% and wind speeds from none to 
strong. 

Of the 111 taxa identified (Table 1), 59 were members of the Cyanophyta, 
48 of the Chlorophyta, 3 of the Chrysophyta and one of the Euglenophyta. 
More species were collected in the spring and summer (May and August) than 
in the fall and winter (November and February). 

Of the blue-green algae, species of Anabaena, Lyngbya, Microcoleus, 
Nostoc, Phormidium and Symploca occurred most commonly, and they were 
recovered from at least one station during each collection date. More Ana- 
baena and Symploca species were collected in the spring and summer than in 
fall and winter, but more Phormidium species were collected in the fall and 
winter. 

Of the green algae, species of Chlorella, Chlorococcum, Protoderma and 

Stichococcus occurred most commonly, and they were recovered from at least 
one station during each collection date. Most of the Chlorella and Stichococ- 
cus species were recovered in the fall and winter, but most Chlorococcum and 
Protoderma species were collected in the spring and summer months. Al- 
though not found on every collection date, Neochloris species were recovered 
from a number of sites, primarily in the fall and winter. 

Airborne species of Aphanothece, Chroococcus, Gloeocapsa, Dicothrix, 
Gongrosira, Iyengariella, Synechocystis, Lyngbya, Microcoleus, Phormi- 

dium, Plectonema, Pulchrasphaera, Stigonema, Symploca, Tolypothrix, 

Palmella, Bracteacoccus, Tetracystis, Protoderma, Botrydiopsis, Hantzschia, 

Navicula, and Euglena are reported for the first time from Florida. 

Discussion—The 111 airborne species herein reported is considerably 
larger than the 43 reported by Parrando and Davis (1972). We attribute our 
number to the larger collection area, to the increased number of species that 
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have been described since 1969, and to the classical taxonomic system we 
chose to identify the blue-green algae. The taxonomic scheme (Drouet and 
Daily, 1956; Drouet, 1968) used by Parrando and Davis (1972) combines 
many classical taxa of blue-green algae under fewer species names. 

The large number of species recovered in the spring and summer than in 
the fall and winter may be related to increased farming activities (plowing, 
cultivation, harvesting) along the transect during these months. Because soil 
is the source of most airborne algae (Brown et. al., 1964), and because culti- 
vated soils typically yield higher quantities and greater diversities of airborne 
algae than non cultivated soils, farming activities would seem to account for 
the greater number of species collected in the spring and summer months. 

Spring and summer months in northcentral Florida are also associated 
with frequent rainfall and changing winds, meteorological conditions posi- 
tively influencing dispersal of airborne algae (Schlichting, 1964; Brown 1971; 
Carson, 1975; Smith, 1972; Parswanath and Ramalingam, 1979). These phe- 
nomena, in concert with propagule release by rain splashing on disturbed soil 
surfaces, soil desiccation, uplift by wind currents, and subsequent deposition 
by rainfall (Carson, 1975) may also account for the greater number of air- 
borne algal species recovered during the spring and summer months. 

Studies of soil algae near part of our transect (Norton and Davis, 1975) 
and in northwest Florida (Arvik 1971) that produced several of the commonly 
occurring species in this study, lend support to the contention that soil algae 
populations are the source of airborne algae (Brown et. al. 1964). 
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SOME ALTERNATIVE INTERPRETATIONS 
OF SAFETY HARBOR BURIAL MOUNDS 

JEFFREY M. MircHEM 

Florida State Museum, Gainesville, Florida 32611 

Asstract: Previous archaeological research on Safety Harbor (ca. A. D. 1000-1600) burial 
mounds has revealed that primary burials, when present, are often stratigraphically deeper than 
secondary interments. This has traditionally been viewed as diachronic evidence of changing 
burial practices. Results of recent excavations and critical review of earlier research indicate that 
the pattern is more likely due to burial of charnel structure contents at the death of an important 
individual. Functional hypotheses concerning isolated Safety Harbor burial mounds (primarily 
found north of Tampa Bay) are presented and evaluated in terms of present knowledge. The 
primary hypotheses are that the mounds were either used by specific kin-based groups (such as 
clans) or simply by residents of the surrounding area. Available ethnohistoric and archaeological 
evidence is summarized, and methods of testing the hypotheses with archaeological data are 
presented. 

ONE aspect of archaeology which has yielded much information about 
past cultures is the study of burial practices. A review of the archaeological 
literature on Florida demonstrates that much work has been done (and con- 
tinues to be done) on burial customs of Florida aborigines. 

This paper has two main purposes. One is to briefly review and reinter- 
pret some of the previous research and interpretations concerning mortuary 
practices and burial mounds of the aboriginal groups who occupied west 
peninsular Florida from about A. D. 1000 to the 1600s. Archaeologists have 
named this culture Safety Harbor, after an archaeological site in the modern 
town of the same name (Stirling, 1931; Griffin and Bullen, 1950). 

The other aim is to examine the occurrence of isolated Safety Harbor 
burial mounds (those which were not constructed next to a settlement) and to 
propose testable hypotheses based on archaeological and ethnohistoric data to 
explain the function of these isolated earthworks. 

STRATIGRAPHIC DIFFERENCES IN BurRIAL PosirlIon—As a result of his analy- 
sis of data from the 1930s excavation of 11 archaeological sites in Hillsbo- 
rough County by WPA crews, Ripley Bullen (1952) proposed that methods of 
human burial practiced by the Indians around Tampa Bay had changed 
through time. Specifically, he stated that Indians during the Weeden Island 
period (ca. A. D. 400-900) had buried corpses shortly after death in an ex- 
tended position on their backs. At some time later in this period, the aborig- 
ines began burying people in a flexed position. At the very end of the period, 
he proposed that secondary or bundle burials became the norm. These were 
corpses which had been placed in a charnel structure after death to allow the 
flesh to decompose. When the bones were defleshed, they were stored until 
the time for final interment arrived. 

Bullen contended that these secondary burials were typical of the later 
Safety Harbor period (A. D. 1000-1600), along with cremations (1952). He 
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used this typology to assign dates to sites from which the artifacts were tem- 
porally undiagnostic (Bullen, 1951). 

This model of change in burial patterns was based on observations of the 
aforementioned Hillsborough County sites, in which human burials seemed 
to follow a sequence. Extended primary burials were generally in the lowest 
stratigraphic level, overlain by flexed primary burials, with disarticulated 
secondary interments and cremations in the highest stratum. 

Unfortunately, due to two primary reasons, there is considerable potential 
for error in the interpretation of these sites. First, as archaeologists who have 
excavated in peninsular Florida can attest, it is often very difficult or impos- 
sible to differentiate separate strata in a dry sand burial mound. The second 
factor concerns the quality of the excavation and analysis methods at these 11 
sites in Hillsborough County. The WPA crews consisted of (in the words of the 
field director) “men who through age or infirmities were incapable of em- 
ployment on other projects” (Simpson, 1939). Bullen also noted in the intro- 
duction to his report on the excavations that many of the artifacts and other 
data had been lost in the 16 years since the project’s completion (1952). When 
these facts are taken into consideration, it is easy to see that the accuracy of 
the field data is questionable. 

It is not the intent of this paper to criticize Ripley Bullen or the people 
associated with the WPA projects. The purpose is rather to examine Bullen’s 
model and point out alternative interpretations based on more recent data. 
This is important because some archaeologists utilize the model to date sites 
when associated artifact assemblages are inadequate. 

This discussion will concentrate on evidence from Safety Harbor sites that 
contradict Bullen’s model. At the Yellow Bluffs-Whitaker Mound (8S04) in 
Sarasota (Fig. 1), Milanich (1972) recovered 10 burials, five of which were 
primary flexed, two primary extended, and one secondary bundle. The re- 
maining two were of indeterminate form. Based on ceramics from the single 
component mound, Milanich assigned the site to the Safety Harbor period 
(1972). Using Bullen’s model, one would have predicted only bundle burials 
and cremations. 

A second example is at the Weeki Wachee Mound (8Hel2) in Hernando 
County (Fig. 1), where at least 63 burials were recovered, including seven 
primary flexed interments in addition to large numbers of secondary burials 
and cremations (Mitchem et al., 1985). European material from this site 
provides a secure date of A. D. 1500-1560, which is late in the Safety Harbor 
period, so primary burials would not be present if Bullen’s model was accu- 
rate. 

Two other sites provide further evidence to contradict the model. At the 
Briarwoods Mound (8Pa66), a Safety Harbor site in Pasco County (Fig. 1), at 
least 82 individuals were buried, two of which were flexed primary inter- 
ments. The rest were secondary (Mitchem, 1985). 

In Citrus County, recent work at the Tatham Mound (8Ci203) (Fig. 1) has 

revealed between 290 and 350 individuals in the uppermost stratum, dated to 
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Fic. 1. Locations of archaeological sites mentioned in the text: (A) Ruth Smith Mound 
[8Ci200]; (B) Tatham Mound [8Ci203]; (C) Weeki Wachee Mound [8Hel2]; (D) Briarwoods 
Mound [8Pa66]; (E) Safford Mound [8Pi3]; (F) Safety Harbor [8Pi2]; (G) Branch Mound 
[8Hil0]; (H) Jones Mound [8Hi4]; (I) Picnic Mound [8Hi3]; (J) Yellow Bluffs-Whitaker Mound 
[8S04]; (K) Arcadia Mound [8Del1]; (L) Keen Mound [8De2]; (M) Philip Mound [8P0446]. 

after A. D. 1528 on the basis of associated Spanish artifacts (Mitchem and 
Hutchinson, 1987). In this stratum, at least 74 primary burials were present 
(extended, flexed, and cremations), with secondary remains on top of and 
between the primary interments. This unusually large number of primary 
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burials, all buried in a single episode, has been interpreted as the result of a 
disease epidemic. The secondary remains were probably from a nearby char- 
nel structure (Mitchem and Hutchinson, 1987). 

All of these examples clearly demonstrate that Bullen’s model does not fit 
empirical data. If it were valid, primary burials would be very rare or absent 
from Safety Harbor contexts. It should be noted that at Yellow Bluffs-Whita- 
ker, Briarwoods, and Tatham the primary burials tend to be overlain by sec- 
ondary burials, but the important fact is that they are not in separate strata 
and are contemporaneous. 

By looking at ethnohistoric and archaeological evidence, a plausible ex- 
planation can be proposed for secondary burials tending to be found above 
primary burials. Accounts of the Hernando de Soto expedition indicate that 
the Indians in the Tampa area in 1539 used charnel structures in which to 
keep the bones and decomposing bodies of their dead (Smith, 1968). Other 
early European accounts mention such structures in use elsewhere in eastern 
North America, but it is unclear what events signaled the final burial of the 
skeletal remains (MacLeod, 1926; Williams, 1930; Swanton, 1946; Harriot, 

ESG2): 
The death of a high-status individual, such as a chief or priest, may have 

been the occasion which triggered the cleaning out of the charnel structure 
and the burial of the accumulated bones. In such a case, the body of the high- 
status individual would probably be buried first, with considerable cere- 
mony, followed by the commoners’ bones being interred. It is quite likely 

relatives, spouses, slaves, or other people were slain at the death of the high- 
status individual to be buried at the same time. There is ethnohistoric evi- 
dence of this among the Natchez and other historic groups in the Southeast 
(Swanton, 1911). These individuals were then buried near the high-status 
person. This would account for the recovery of several primary burials (the 
high-status person and his or her associates) overlain by the jumbled bones 
from the charnel structure. Archaeologically, probable evidence of retainer 
sacrifice and burial has been found at the Fatherland Natchez site in Missis- 
sippi (Neitzel, 1965) and at the Kolomoki site in Georgia (Sears, 1952, 1956). 

Warfare or disease could also cause a number of people to die during a 
short time period, which might have been an occasion for cleaning out the 
charnel house as well. In such a situation, the articulated bodies might have 
been deposited first, followed by the stored bones. Archaeologically, this 
would yield a number of primary burials overlain by masses of secondary 
bones. This interpretation has been proposed for the Tatham Mound in Citrus 
County (Mitchem and Hutchinson, 1987). 

Based on the above evidence, it appears that Bullen’s model of changing 
forms of burial is not valid, at least in a large number of cases. His errors were 
probably due in large part to having to rely on other people’s field notes to 
make his interpretations. Also, in many cases it is difficult to determine 
whether burials in a sand mound are in separate strata. Many of the exca- 
vated Safety Harbor burial mounds probably represent single-episode sites 
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where a charnel house was cleaned out at the time of a high status person’s 
death or after some natural or cultural phenomenon, such as disease or 
warfare. 

IsoLATED BurtaL Mounps—The other aspect of Safety Harbor burial 
mounds of interest here is the occurrence of isolated burial mounds, with no 

directly associated village area. Such isolated mounds appear to be character- 
istic of the Safety Harbor culture away from the coastal strand. Several of the 
Hillsborough County mounds described by Bullen (1952), including the 
Branch (8Hil0), Jones (8Hi4), and Picnic (8Hi3) Mounds (Fig. 1), appear to 
be isolated. Farther inland, the Arcadia Mound (8Del), the Keen Mound 
(8De2), and the Philip Mound (8P0446) are other examples (Willey, 1949; 
Benson, 1967; Karklins, 1974; Willis and Johnson, 1980; Johnson, 1981). 

Many Safety Harbor mounds north of Tampa Bay also seem to fit this 
pattern. Examples include the Briarwoods Mound (8Pa66) in Pasco County 
(Mitchem, 1985), the Weeki Wachee Mound (8Hel2) in Hernando County 
(Mitchem et al., 1985), and the Ruth Smith (8Ci200) and Tatham Mounds 
(8Ci203) in Citrus County (Mitchem and Weisman, 1984; Mitchem and Hut- 
chinson, 1987). 

A review of some past archaeological research and ethnohistorical ac- 
counts may provide help in interpreting these isolated mounds. In describing 
his findings at the Safford Mound (8Pi3), a Weeden Island/Safety Harbor 
burial mound in Pinellas County (Fig. 1), Cushing (1897) noted bundle bur- 
ials in groups that he felt might represent different totemic groups, or such 
kin-based groups as clans or phratries. Though details are sketchy, these prob- 
ably represented different episodes of mass burial when charnel structures 
were cleaned out. 

Ethnohistorical accounts from the Southeast provide some support for 
Cushing’s hypothesis. Among the eighteenth century Choctaw, several early 
European travelers and missionaries recorded vivid descriptions of burial 
practices. According to these observers, different clans within settlements 
maintained separate charnel houses, in which the bones of their deceased kin 
were placed (Bushnell, 1920; Swanton, 1931; Knight, 1981). Once the char- 

nel houses were full, the people carried the bones (which among the Choctaw 
were kept in boxes) to the burial place, where they were piled up and covered 
with three or four feet of earth to form a mound (Bushnell, 1920; Swanton, 

1931). It is not clear in these accounts whether remains of different clan 
members were buried separately, though they did note a taboo against storing 
bones from different clans in the same charnel structure (Knight, 1981). 

If the isolated Safety Harbor mounds are examined in light of the above 
data, two alternative hypotheses can be proposed to explain why these 
mounds are not found associated with habitation sites. First, it could be pro- 
posed that each mound was for members of a specific kinship group (clan, 
phratry, etc.). In this case, deceased members of particular kin groups would 
be carried to their specific burial mounds to be buried, even though that 
mound might be many kilometers away. The alternative hypothesis is that 
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mounds were used on a more informal basis, in which remains of people were 
interred in the Safety Harbor burial mound closest to the place of death. This 
hypothesis would seem less likely in light of the ethnohistoric data. 

In order to test these hypotheses, it is necessary to determine whether any 
categories of artifacts (especially certain styles of pottery) are associated with 
particular clusters of burials within a single mound or exhibit significant 
variation between mounds. Surprisingly, this has not been done in the past 
for any Safety Harbor site. Generally, published reports have merely de- 
scribed artifacts, without presenting detailed analyses of their proveniences. 
It will be necessary to restudy existing collections to determine if such associa- 
tions can be identified. The lack of adequate chronologies for various artifact 
types will also have to be remedied, so that contemporaneity can be estab- 
lished for mounds in a particular area. 

Patterns of variation in artifact assemblages from mounds would proba- 
bly reflect patterns of Safety Harbor social organization. However, the ab- 
sence of such recognizable patterns could not be used as undeniable proof of 
the lack of varying social groups represented by burials within or between 
mounds. There is always the possibility that such differences are not reflected 
in the archaeological record for Safety Harbor sites. 

The alternative hypothesis, that mounds were used by local groups, and 
that a person was buried in the mound nearest the residence or place of 
death, may be supported by the configuration of some Safety Harbor sites. At 
the coastal Safety Harbor site (8Pi2) on Old Tampa Bay (Fig. 1), a large, flat- 
topped mound (often referred to as a temple mound) is present, adjacent to a 
plaza with habitation areas on either side. Before its excavation in the 1930s, 
a burial mound was located at the opposite end of the plaza area (Willey, 
1949; Griffin and Bullen, 1950; Bullen, 1978). This general site configura- 

tion, which reflects a typical Mississippian Period pattern, is also known from 
a number of other Safety Harbor sites in the Tampa Bay area (Bullen, 1978; 
Luer and Almy, 1981). 

Presumably, these burial mounds associated with particular settlements 
were used for interring the dead from those sites and surrounding smaller 
hamlets or communities. If this was indeed the pattern of use, it would argue 
for the same pattern of use of the isolated burial mounds. In the latter case, 
large nucleated settlements were absent, with people living in much more 
dispersed, smaller sites. This settlement pattern is especially evident in the 
northern portion of the Safety Harbor culture area. 

ConcLusions—Bullen’s model of diachronic changes in treatment of 
corpses and subsequent burial during the Safety Harbor phase is not sup- 
ported by the archaeological evidence from many Safety Harbor mounds. 
Therefore, the method of burial should not be used to ascribe dates of deposi- 

tion to burial mounds lacking diagnostic artifacts. 
In order to test the hypotheses concerning use of isolated Safety Harbor 

burial mounds, three types of data will be necessary. First, a much more 
complete corpus of data regarding the distribution of Safety Harbor burial 
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mounds and habitation sites is needed, especially in regions away from the 
coast and to the north and south of the greater Tampa Bay area. Second, 
studies of artifact assemblages and their variation within and between burial 
mounds will have to be conducted. These studies will have to concentrate on 
pottery designs, specific associations of motifs, and possible correlations of 
particular pottery styles or other artifact types. Study of skeletal remains 
might also aid in this respect, if genetically-related traits could be identified 
which would reveal biological kinship. Unfortunately, artifact and skeletal 
assemblages from many Safety Harbor sites have been lost due to vandalism 
or site destruction. 

The third class of data necessary for testing the hypotheses is a better 
understanding of the changes in frequencies of various artifact types through 
time. This is beginning to be realized for the post-contact period, but much 
more research needs to be done for earlier parts of the Safety Harbor phase. 
This information is necessary so that contemporaneity of sites can be estab- 
lished, allowing mounds being used at the same time to be examined. 

If neither of the proposed hypotheses regarding function of isolated burial 
mounds proves correct, alternative hypotheses can be generated and tested 
based on general Southeastern aboriginal belief systems which might have 
affected the selection of burial mound sites. One possibility would be close- 
ness to a water source, such as a spring. Among many Southeastern groups, 

the underworld was considered to exist beneath the earth and waters, with 

springs representing doorways to the underworld (Hudson, 1976, 1984). An- 
other alternative would be the use of specific mounds solely for individuals of 
a particular social status, as suggested by Sears (1958). As the general knowl- 
edge concerning Safety Harbor mortuary practices increases, archaeologists 
should be able to begin addressing these questions using empirical data. 
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Asstract: The distribution of Geochelone carbonaria in the West Indies is reviewed and both 
published records and new collections are cited. Four hypotheses for its distribution are dis- 
cussed: (1) natural dispersal, (2) introduction by prehistoric indians, (3) introduction by early 
European settlers, and (4) recent introduction as pets. None of these can be irrefutably supported 
by the distributional data, and the present distribution may be the result of a combination of 
dispersal modes. 

THE distribution of Geochelone in the West Indies is perceived as scat- 
tered, and resulting from random introductions. A review of the literature, 
however, reveals records of Geochelone sp. on every major island (except 
Anguilla) in the Lesser Antilles, and on numerous islands in the Greater An- 
tilles. Several hypotheses for the presence of Geochelone on Caribbean is- 
lands, including natural dispersal, introduction by prehistoric indians, intro- 
duction by early European settlers and introduction as pets, have been sug- 
gested. This paper reviews the literature on Geochelone (both fossil and 
Recent) in the West Indies, reports new collections, discusses hypotheses of 
dispersal, and clarifies the distribution of the genus in the Caribbean. 

THE DIsTRIBUTION OF GEOCHELONE IN THE West INpiEs—Field work on 

Anguilla Bank islands in 1986 and 1987 has provided additional records that 
fill a distribution gap in the northern Lesser Antilles. The first record of 
Geochelone carbonaria from Anguilla is represented by an adult (295 mm 
carapace length) collected at Sandy Ground Village, north of Road Salt Pond 
(CM 114737). Geochelone sp. have been seen elsewhere on the island, ie. 
Lockrum, east of Blowing Point on the south side of Anguilla and Lower 
South Hill (Richardon et al, 1986). My interviews with three elderly residents 
of Anguilla revealed that tortoises were present at least 65-75 years ago, indi- 
cating a long-established population. 

Geochelone carbonaria is known on Tintamarre, off the east coast of St. 

Martin, and is also found on St. Martin (Richardson, 1986). No specimens 
were collected from these islands. 

Literature records (Table 1) show an extensive, practically universal dis- 
tribution of Geochelone carbonaria in the West Indies; from Isla de Marga- 
rita and Trinidad in the south, through the Lesser Antilles, Virgin Islands, 
Puerto Rico and Hispaniola, to Jamaica and Cuba in the north, and Provi- 
dencia and San Andres in the West. Reports from Puerto Rico (Rivero, 1972) 
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and Jamaica (Lambert, 1986), however, indicate there are no extant Geoche- 

lone populations on those islands. Recent Geochelone are absent from only a 
few major islands (Barbados, Sombrero, Mona, Navassa, New Providence, 

and Andros), all of which supported populations of extinct Geochelone spe- 
cies (see Table 1). 

Table 1. Geochelone in the Caribbean. 

Island Species Age Citation 

Anguilla carbonaria Recent Censky (this paper) 
Antigua carbonaria Recent Underwood, 1962 

Schwartz & Thomas, 1975 

Pritchard & Trebbau, 1984 
Schwartz & Henderson, 1985 

Bahamas (Andros& = _+sp.? Pleistocene Auffenberg, 1967 
New Providence) 

Barbados +sp.? late Pleistocene Ray, 1964 
-Recent 

Barbuda carbonaria Recent Underwood, 1962 
Schwartz & Thomas, 1975 

Schwartz & Henderson, 1985 
Cuba (denticulata)! Recent Barbour, 1914 

Grant & de Sola, 1934 

Buidé, 1967 
+ cubensis ?Pleistocene Williams, 1950 

Curac¢ao +sp.? R Hooijer, 1963 
Dominica carbonaria? Recent Underwood, 1962 

Schwartz & Thomas, 1975 

Grenada carbonaria Recent Underwood, 1962 

Schwartz & Thomas, 1975 

Schwartz & Henderson, 1985 

Grenadines carbonaria Recent Cochran, 1938 

Underwood, 1962 
Schwartz & Thomas, 1975 

Schwartz & Henderson, 1985 

Guadeloupe (tabulata) Recent Dumeéril and Dumeril, 1851 
denticulata? Recent Fretey, 1977 

Hispaniola (denticulata) Recent Grant & de Sola, 1934 
Jamaica elephantopus? Recent Gray, 1872 

(tabulata) Recent Sloane 1688-89 in 
Ahrenfeldt, 1954 

(denticulata) Recent Grant & de Sola, 1934 
Margarita (denticulata) Recent Roze, 1964 
Martinique carbonaria Recent Dumeéril and Dumeéril, 1851 
Mona + monensis Recent? Williams, 1952 

Montserrat carbonaria Recent Underwood, 1962 

Schwartz & Thomas, 1975 
Schwartz & Henderson, 1985 

Navassa +sp. Pleistocene Auffenberg, 1967 
Peter Island carbonaria Recent Schwartz & Thomas, 1975 

Puerto Rico (denticulata) Recent Barbour, 1914 
Grant & de Sola; 1934 

Providencia (denticulata) Recent Dunn & Saxe, 1950 
Williams, 1950 (map) 
Pritchard & Trebbau, 1984 

St. Barts carbonaria Recent Schwartz & Thomas, 1975 
Schwartz & Henderson, 1985 

St. Croix carbonaria Recent Philibosian & Yntema, 1977 
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TABLE 1. continued 

St. Eustatius 

St. John 

St. Kitts 

St. Lucia 

St. Martin 

St. Thomas 

St. Vincent 

San Andres 

Sombrero 

Testigo 
Tortola 

Trinidad 

Virgin Gorda 
Virgin Islands 

Water Island 

“West Indies” 

FLORIDA SCIENTIST 

carbonaria? 

carbonaria 

denticulata? 

carbonaria 

(denticulata) 
carbonaria 

carbonaria 

(denticulata) 
carbonaria 

+ sombrerensis 

(tabulata) 
carbonaria 

(tabulata) 
carbonaria 

denticulata 

carbonaria 

carbonaria 

carbonaria 

(tabulata) 

Recent 

Recent 

Recent 

Recent 

Recent 

Recent 

Recent 

Recent 

Recent 

Pleistocene 

Recent 

Recent 

Recent 

Recent 

Recent 

Recent 

Recent 

Recent 

Recent 

[ Vol. 51 

Schwartz & Thomas, 1975 
Underwood, 1962 
Philibosian & Yntema, 1977 

Schwartz & Thomas, 1975 

Schwartz & Henderson, 1985 
Underwood, 1962 

Schwartz & Thomas, 1975 
Pritchard & Trebbau, 1984 

Barbour, 1914 
Underwood, 1962 
Schwartz & Thomas, 1975 
Richardson, 1986 

Grant & de Sola, 1934 
Grant, 1936a 

Grant, 1936b 

Schwartz & Thomas, 1975 
Philibosian & Yntema, 1977 

Schwartz & Henderson, 1985 
Barbour, 1914 

Williams, 1950 (map) 
Leidy, 1868 
Julien, 1878 
Williams, 1950 

Williams, 1952 

Underwood, 1962 

Auffenberg, 1967 
Meek, 1910 
Grant, 1932 

Schwartz & Thomas, 1975 

Philibosian & Yntema, 1977 

Mole & Urich, 1894 
Underwood, 1962 
Pritchard & Trebbau, 1984 

Underwood, 1962 
Pritchard & Trebbau, 1984 
Philibosian & Yntema, 1977 
Grant & de Sola, 1934 
Barbour, 1937 
Schwartz & Thomas, 1975 
Grant & de Sola, 1934 
Barbour, 1937 

Underwood, 1962 
Schwartz & Thomas, 1975 

Gray, 1844 
“Windward Islands” carbonaria Recent Boulenger, 1889 

1The names listed in parentheses were designated before the distinction was made between carbonaria and 
denticulata. 
2] have not seen the paper by Fretey, 1977. 
3This description could be Geochelone carbonaria. 

Discussion—There are four possible dispersal modes which could ac- 
count for the pattern of occurrence of Geochelone carbonaria in the Carib- 
bean: (1) natural dispersal, (2) introduction by prehistoric indians, (3) intro- 
duction by early European settlers, and (4) recent introduction as pets. 
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The dispersal through and subsequent colonization of West Indian islands 
by lizards of the genus Anolis has been summarized by Williams (1969). This 
model, presumably, could also apply to the dispersal of other reptiles in the 
Caribbean. Most Antillean stocks of Anolis came from South America, passed 
through the Lesser Antilles to the Greater Antilles, and from there dispersed, 

colonized and diversified in every direction. The means of dispersal was most 
likely rafting on floating debris, either with the currents, outward and west- 
ward from the Rio Orinoco, or less frequently, haphazardly during huri- 
canes. If Antillean Geochelone is a natural dispersant, the direction of disper- 
sal was probably the same. However, the mode of transportation may have 
been different. It is more reasonable to suggest that a floating Geochelone 
could be carried by river or ocean currents, without a raft. Geochelone have 
been seen ‘swimming’ in the Amazon River (da Silva, 1986). Williams (op. 
cit.) also noted several attributes common to Anolis species which have more 
successfully colonized the Antilles. Among these are adaptation to arid open 
forest and savannah habitats, as opposed to adaptation to more mesic rain- 
forest or montane areas. Also, successful colonizing species are not narrow 
specialists, and repetitively colonize island after island. 

The distribution of Geochelone carbonaria in northern South America is 
along the Caribbean coast from Colombia to Guyana. The distribution of G. 
denticulata is also coastal, from Venezuela through northern Brazil, and in- 

land throughout the Amazon Basin. Given the natural distribution of both 
species, and the route of dispersal of other organisms into the West Indies, it 
seems equally likely that either species of Geochelone could have colonized 
the Antilles. Most Antillean records, however, are of G. carbonaria. 

According to Pritchard and Trebbau (1984), Geochelone carbonaria is a 
xeric-adapted species, and typically is found in grasslands, savannahs, and 
adjacent forests. Geochelone denticulata is found only in rainforest. Thus, 
Williams’ hypothesis of vagility factors (Williams, 1969) is borne out by the 
successful colonization of arid West Indian islands by G. carbonaria, the 
xeric-adapted generalist, instead of by G. denticulata. This evidence also 
agrees with a natural dispersal explanation of the origin of Caribbean Geo- 
chelone populations. 

It has been assumed that prehistoric Amerindians transported Geochelone 
to the West Indies (Watters et al, 1984). Geochelone is a convenient food source 
for travelers. Tortoises can live for long periods without food or water and thus 
can provide fresh meat on long voyages. According to Rouse and Allaire (1978) 
and Rouse (1986), the prehistoric indians (Saladoid series) who invaded the 
West Indies originated in the middle Rio Orinoco, moved to its delta, and 
subsequently into the West Indies. These are the indians Columbus encoun- 
tered. Both G. carbonaria and G. denticulata occur in the Rio Orinoco drain- 
age, but only G. denticulata occurs at the mouth of the Rio Orinoco. If prehis- 
toric indians introduced Geochelone in the West Indies it seems ‘arguable that 
the more accessible G. denticulata would have been introduced instead of G. 
carbonaria. Nevertheless, most records of Antillean Geochelone are G. car- 
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bonaria. Before occupation by “ceramic age’ indians, some of the islands were 
occupied by “Archaic age’ indians. The origin of the ‘Archaic age’ indians is 
unknown because of the absence of cultural artifacts, such as ceramics, from 

their occupation sites. If these earlier indians also came from South America, 
they may have brought Geochelone with them. 

In addition, if Amerindians regularly used Geochelone as a food source, 
prehistoric sites in the West Indies should contain bones. The only possible 
record of G. carbonaria in a West Indian archaeological site is from Indian- 
town Trail, Barbuda (Watters et al., 1984), but the bones are so fragmentary 
they could not be conclusively determined to family, and may represent ma- 
rine turtles (Cheloniidae). No unequivocal Geochelone remains have been 
found in prehistoric sites in the West Indies. 

Watters (in press) presents an alternative scenario for introduction of Geo- 
chelone carbonaria in the Caribbean. He speculates that as there are no re- 
mains of G. carbonaria in Caribbean prehistoric sites, and no fossil record of 
the species in the West Indies, tortoises may have been brought to the Carib- 
bean by early European settlers. Slevin (1959) reported that buccaneers used 
Galapagos tortoises for food as early as 1684. Introduction of Geochelone by 
early settlers as a food source cannot be dismissed. However, the course of 
European dispersal and settlement in the Caribbean should be more closely 
examined to determine if the timing of colonization of the various islands, 
and trading interchange between the islands and the northern South Ameri- 
can coast support this hypothesis. 

Another possible explanation for the presence of Geochelone carbonaria 
in the West Indies is introduction as pets by current residents. Such casual 
inter-island transport may account for some recent records, but it should be 
pointed out that Hans Sloane found tortoises in 1688-89 on Jamaica (Ahren- 
feldt, 1954), and Gray (1872) reported, “This tortoise breeds and multiplies 
in Jamaica and other West Indian Islands.” There are records based on speci- 

mens in the British Museum (Natural History) (Boulenger, 1889) and the 
Museum National d’Histoire Naturelle, Paris (Duméril and Duméril, 1851) 

collected in the mid-1800’s, which suggests a long prior history of occurrence 
on at least some of the islands. These early records of occurrence, and the fact 
that the tortoise appears not to be randomly distributed, lead to the conclu- 
sion that the occurrence of Geochelone in the Caribbean is probably not due 
to introduction as pets. 

Thus, the history and ultimate origin of Geochelone in the West Indies 
remains a puzzle. Each of the hypotheses of dispersal that has been advanced 
is plausible, though some are more likely than others, yet none of them is 
substantiated by concrete evidence. The occurrence of fossils or specimens in 
prehistoric indian sites could fix the chronology for introductions and narrow 
the field of possible explanations, but even with paleontological or archeolog- 
ical evidence the picture could remain unclear. It seems best to conclude that 
the distribution of Geochelone in the West Indies may have resulted from a 
combination of several of the possible dispersal modes discussed. 
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UTILIZATION OF TRIPLOID GRASS CARP 
IN SEWAGE-RETENTION PONDS 

FOR CONTROL OF FLOATING VEGETATION 

Boyp Z. THOMPSON, JEFFREY L. UNDERWOOD’ AND RUES. HEsTANp III 

Florida Game and Fresh Water Fish Commission, Fisheries Research Laboratory, 
P.O. Box 1903, Eustis, Florida 32727-1903 

Asstract: A total of 105 triploid grass carp (Ctenopharyngodon idella) were stocked, over a 
3-month period, into a 0.05-ha aerated wastewater pond. The pond was initially covered with 
water-fern (Azolla caroliniana), but after a rise in water temperature a dominant cover of duck- 
weed (Lemna minor) and water-meal (Wolffia spp.) was present when grass carp were stocked. 
Initially 26 grass carp were added to the pond; since these fish exhibited no visible vegetation 
control, two subsequent stockings (49 fish and 30 fish) raised the final number of fish to 105 
(2,100 fish/ha) after which a decrease in vegetation biomass was observed, however, only 65 fish 
(1,300 fish/ha) were found to have survived. Triploid grass carp have the capability to control 
floating macrophytes in wastewater ponds if sufficient fish survival can be achieved. 

SINCE introduction of triploid grass carp, the Florida Game and Fresh 
Water Fish Commission has had an increase in herbivorous fish permit re- 
quests from private individuals, groups, and municipalities (Valin, 1985). 
Most requests from central and north Florida are for control of southern 
naiad (Najas guadalupensis), filamentous algae, duckweed (Lemna spp.) 
muskgrass (Chara spp.) and hydrilla (Hydrilla verticillata) (Trent, 1985). 
Triploid grass carp have been found to be as efficient as the diploid grass carp 
in use as a biocontrol agent for macrophytes (Cassani and Caton, 1986; Hes- 
tand et al. 1986; Sutton and Vandiver, 1986); yet, requests are received for 
herbivorous fish permits to control floating vegetation with little knowledge 
of what rates to use and the effectiveness of triploid grass carp. Published 
research on the utilization of grass carp (triploid or diploid) for control of 
duckweed (Lemna spp.) or water-meal (Wolffia spp.) is very limited. Van 
Dyke et al. (1984) found duckweed to be a preferred food by diploid grass 
carp. Successful stocking rates of triploid grass carp in lakes infested with 
duckweed (unknown biomass) range from 57 to 247 fish/ha (Trent, 1985; 
Holdren and Porter, 1987), however, these lakes did not have the high nutri- 

ent loads associated with polishing ponds. Osborne (1986) found that as many 
as 1,729 triploid grass carp/ha might be required to gain control of fast grow- 
ing duckweed in nutrient rich systems. 

Duckweed (Lemna minor), water-meal (Wolffia spp.) and water-fern 
(Azolla caroliniana) do not necessarily create a physical problem for the pub- 
lic as does hydrilla, but represents an unsightly nuisance in ponds and lakes. 
In cases of complete dense cover a shading effect can cause submerged plants 

Present Address: Maryland Tidewater Administration, Sportfishing Enhancement Program, 69 Prince George 
Street, Annapolis, Maryland 21401 
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to become stressed (Vandiver 1986). The air-water interface is also reduced 
and may result in dissolved oxygen depletion. Some municipalities have been 
interested in reducing or eliminating these plants because of their unsightli- 
ness, especially in high visibility areas. Removal of all vegetation may be 
unwise since duckweed could be used to help remove nutrients and lower 
phosphorus levels (Culley and Epps, 1973; Sutton and Ornes, 1975). 

Diploid grass carp were found to digest and utilize duckweed very effi- 
ciently (Van Dyke and Sutton, 1977; Sutton 1976). In a study conducted by 
Florida Game and Fresh Water Fish Commission involving the rearing of 
triploid grass carp in pools, these fish showed a great affinity for this type of 
floating vegetation as food. The same study found consumption rates of at 
least 2.5 times the body weight per day per fish that were 150 mm in total 
length. Weight gains of 1.9 g/day were observed and were attributed to the 
high protein content of the duckweed (Van Dyke and Sutton, 1977). If fish 
would consume this amount of vegetation in a pool, they would presumably 
be a good biocontrol agent for duckweed and water-meal in ponds or lakes. 
To be effective, triploid grass carp must consume vegetation at a rate greater 
than the ability of the target species to expand its biomass. 

Taking the limited information available into consideration, an experi- 
ment was set up at a secondary retention pond for a small package plant in 
Eustis, Florida. The objective of the study was to determine if triploid grass 
carp would be an economical method for controlling floating vegetation in 
this situation. 

MATERIAL AND METHops—In February 1986, a 0.5 hp air blower capable of moving 22 cfm of 
air in 76.2 cm of water was installed into two 0.05 ha retention ponds (Pond I and Pond II) for a 
small package plant. This blower was installed to increase the oxygen transfer coefficient in 
preparation for the stocking of 26 triploid grass carp (X7,=250 mm, X,,=143 g) per pond in 
early March 1986. This size fish was adequate in this situation since there were no predatory fish 
in the ponds. Each pond received air from the blower via synersistic air lifts which consisted of 
four 3.8 cm by 3.8 cm by 15.2 cm glass bonded diffusers (Aquatic Eco-Systems, Apopka, FL). 
Pond II was an old retention pond and had no effluent input; it was to be used as a holding pond 
for additional fish and a means of estimating mortality without disturbing the fish in Pond I. 

The biomass of the floating vegetation in pond I was estimated at the time of stocking and 
thereafter at 2-week intervals. This was accomplished by collecting all vegetation within a 0.156 
m2 sampling ring and taking a wet weight of vegetation after shaking the excess water off. A 
minimum of four samples was taken during each sample period and averaged together. Mean 
plant weight was expanded to cover the entire pond area to obtain an estimate of the biomass. 
Dissolved oxygen levels were taken occasionally to assure that the air blower was maintaining a 
sufficient level of dissolved oxygen for the fish within the pond. 

Approximately 30 days after the initial stocking, a group of 49 additional marked fish 
(X7,=256 mm, X,,=174 g) were added to pond I and 26 to pond II, since vegetation was 
increasing in both ponds. This increased the number of fish stocked in pond I to 75 (1,500 fish/ 
ha), assuming no mortality. In May, 30 fish (X;, = 278 mm, X,,,=215 g) were removed from pond 
II and added to pond I to increase the number of triploid grass carp to 105 (2,100 fish/ha), since 
no control was evident from plant biomass data. This was accomplished by treating pond II with 
rotenone (0.1 ppm) to remove grass carp alive. They were placed in a tank containing 0.1 ppm 
potassium permanganate to counteract the rotenone. Since all fish stocked were identifiable as to 
their date of introduction by fin clips, it was possible to calculate their mortalities and make 
estimated corrections in pond I population using the fish removed from pond II. 
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ResuLts—The air introduced into the ponds increased the D.O. levels 
from 0.7 ppm to 9.0 ppm. Initial vegetative biomass of pond I was estimated 
to be 2,041 kg, but over the next 2 weeks an increase in temperature elimi- 
nated the entire growth of water-fern (Azolla carolliniani) that had grown on 
these ponds during the winter, thus the initial decrease in biomass (Fig. 1). 
However, duckweed and water-meal increased until a sufficient number of 

fish were added to cause a decline in biomass. By using our previously deter- 
mined carp feeding data, it was possible to estimate fish numbers required to 
control duckweed once plant growth rates were established. It was assumed 
that the original 26 fish had survived and an additional 49 fish would bring 
the rate up to our goal (1,500 fish/ha). 
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Fic. 1. Comparison of the biomass of floating vegetation at each sample date in wastewater 
retention pond 1. 

The plant biomass estimates following the April stocking showed that 
either our fish estimates were wrong or that fish mortality was significant and 
unobserved. Pond II was treated with rotenone to estimate carp survival over 
time. Results confirmed a mortality of 42% for the first stocking over a 71 
day period and 39% of the second stocking over 34 days. We assumed mortal- 
ity for both ponds was similar. 

Using these same mortality rates, a survival estimate of 45 fish was calcu- 
lated for pond I. The decision was made to put fish removed from pond II, a 
total of 30, into pond I since biomass of duckweed and water-meal was still 
increasing. Six days after stocking additional fish another biomass sample 
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showed a minimal decrease in vegetative biomass (0.9%). Subsequent sam- 
ples confirmed that additional fish had made the difference in reducing the 
growth of duckweed and water-meal. The samples showed plant biomass 
decreases of 1% and 8% respectively. The study was terminated at this point 
due to the area being connected to the main sewage plant and the package 
plant being taken off the line. 

A total of 65 of the 105 grass carp stocked had survived and were removed 
from pond IJ at the termination of the study. These fish were comprised of six 
from the first stocking (23% survival), 36 from the second stocking (73% 
survival), and 23 of the 30 from pond II (77% survival). Bird predation may 
have accounted for some mortalities. The 65 remaining fish had a mean 
weight of 441 g (X;,=349 mm) which provided an estimated total consump- 
tion rate of 72 kg of floating vegetation per day. This estimate is approxi- 
mately twice the maximum rate of increase for pond I vegetation. The de- 
crease in vegetative biomass in pond I was apparently due to increased 
consumption capability of the grass carp population. Growth rates for these 
fish ranged from 3.1 g/day to 5.3 g/day 

Discusslon—Cost effectiveness and duration of vegetation control should 
be considered when evaluating control methods. Triploid grass carp (e.g. 
<350 mm total length) have the potential for controlling duckweed and wa- 
ter-meal growth in fertile systems. At a price of $5.00 to $10.00 per fish, and 
a rate of 1,300 fish/ha, this may seem cost prohibitive. But in our case, 65 fish 

would cost between $325 and $650. If adequate fish survival could be main- 
tained for several years, then the cost for vegetation control would be spread 
over that time period (ie. for five years the cost would be between $65 and 
$130 per year). It may be possible to use an integrated approach, by treating 
the floating vegetation with herbicide and introducing a reduced number of 
fish. Following this procedure, cost could be reduced and control offered for 
longer duration than herbicide treatment alone. For fish to survive in sew- 
age-retention ponds, air injection pumps must be maintained so that dis- 
solved oxygen can be maintained, chlorine volatilized, and nitrites and sulfi- 
tes oxidized. In this study, fish that died did not appear on the surface as 
expected, therefore, mortality was impossible to estimate without actually 
removing fish from the pond. 
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FIRST RECORDS OF A MAPLE CLEARWING MOTH, SYNANTHEDON 

ACERRUBRI, (FAMILY SESIIDAE) IN FLORIDA—Larry N. Brown, Envi- 

ronmental Studies, Inc., P.O. Box 14244, Tallahassee, Florida 32317. 

Asstract: While using sex-pheromone attractants to collect clearwing moths (Family Se- 
stidae) in north Florida near the Georgia and Alabama borders, a maple clearwing (Synanthedon 
acerrubri) not previously recorded in the state was captured at two locations. 

A number of synthetic pheromones developed by Tumlinson and co-work- 
ers (1974) are widely used for sampling clearwing moths of the Family Se- 
siidae. During the spring months of 1986 and 1987, water traps baited with 
various pheromones or pheromone combinations were placed in most of the 
different types of plant habitats available in the north Florida counties bor- 
dering Alabama and Georgia. The water traps simply consisted of a pan of 
water (containing a small amount of detergent as a wetting agent), with the 
pheromone lure suspended right at the water’s surface upon an insect pin 
sticking in a solid rubber stopper, which rests submerged on the bottom of the 
water pan. This trapping method is of original design, and was devised to 
secure specimens in virtually perfect condition as opposed to the mangled 
clearwings, with all the color scales gone, that usually result from using the 
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standard “sticky” traps. A total of 35 specimenis were recorded, including one 
sesiid that represents a new Florida state record. 

The species new to Florida is a maple clearwing moth, Synanthedon acer- 
rubri (Englehardt), whose larvae are potential pests, boring in the trunks and 
limbs of red and sugar maples (Acer sp.). One adult male was collected on 2 
May 1986 near the Appalachicola River, outside of Chattahoochee in Liberty 
County. A second adult male was captured on 9 May 1987 near the Chatta- 
hoochee River in the northeastern corner of Jackson County. Ample stands of 
red maple (Acer rubrum) were present at both sites. Both moths responded to 
the same sex attractant, a 99:1 combination of EZ-2, 13—octadecadieny]l 

acetate: ZZ—3, 13 octadecadieny] acetate, which were dispersed from a rub- 
ber septa (500 micrograms per septa). 

Voucher specimens of Synanthedon acerrubri will be donated to the Ento- 
mology collections of the Department of Plant Industry, Department of Agri- 
culture, Gainesville, Florida. 

Englehardt (1946) states that Synanthedon acerrubri is much less com- 
mon than the other maple-boring sesiid, Synanthedon acerni, throughout its 
range in the eastern United States. Synanthedon acerni is very common 

throughout Florida. Neither Englehardt (1946), nor Kimball (1965), nor 
Sharp and co-workers (1978) recorded Synanthedon acerrubri in Florida. 

The nearest location to Florida where Synanthedon acerrubri has been 
previously recorded is near Abbeville in Henry County, Alabama (Brown, 
1986). This is about 30 miles north of the Alabama-—Florida state line. Addi- 
tional field sampling using pheromones throughout northern Florida in com- 
ing years should expand the known range of this maple clearwing moth. 

ACKNOWLEDGMENT—T. D. Eichlin (Division of Plant Industry, California Department of 
Food and Agriculture, Sacramento, California) confirmed the identifications of Synanthedon 
acerrubri. 
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NOTES ON THE OCCURRENCE OF RAYS 
(ELASMOBRANCHII, BATOIDEA) IN THE INDIAN 

RIVER LAGOON SYSTEM, FLORIDA 

THomaS H. ScHMiID, LLEWELLYN M. EHRHART, AND FRANKLIN F. SNELSON, JR. 

Department of Biological Sciences 
University of Central Florida, Orlando, Florida 32816 

Asstract: Rays were collected in the central section of the Indian River lagoon, primarily 
during the summer and fall months of 1982-1986. We took data on 369 individuals of seven 
species: Dasyatis americana, Dasyatis sabina, Dasyatis sayi, Gymnura micrura, Rhinoptera 
bonasus, Aetobatus narinari, and Mobula hypostoma. Of those species regularly collected, Da- 
syatis sayi was most abundant, D. americana least abundant. Both sexes of all species were 
captured, but the sex ratio of G. micrura was strongly skewed in favor of females. Size-frequency 
data suggest that both immature and mature individuals of D. sayi, D. americana, and A. 
narinari reside in the lagoon. No sawfish (Pristis pectinata) were captured, adding further evi- 
dence to the suggestion that this species has been extirpated from the lagoon system. Mobula 
hypostoma is reported for the first time from the Indian River lagoon system. The species cap- 
tured and their relative abundance confirm the importance of ocean inlets to the distribution of 
fishes in the Indian River lagoon system. 

REcENT ichthyofaunal studies have demonstrated dramatic differences in 
the abundance and diversity of fishes in the northern and southern sections of 
the Indian River lagoon system, with the northern area being relatively de- 
pauperate (Gilmore et al., 1981; Snelson and Williams, 1981; Snelson, 1983). 
The greater number of ocean inlets in the southern section of the lagoon was 
suggested as a partial explanation for this observed difference. Inlets enhance 
lagoon faunal diversity by providing species with oceanic affinities an avenue 
for regular or periodic immigration (Snelson, 1983). 

As a part of our continuing studies of the biology of rays in east-central 
Florida, we conducted net surveys in the Indian River near Sebastian Inlet to 
evaluate the importance of inlets to the distribution and abundance of batoid 
fishes. In this paper we report on the distribution, abundance, and natural 
history of seven species inhabiting the study area during the summer-season, 
including the first record of the lesser devil ray, Mobula hypostoma, in the 
lagoon system. This is the third in a series of papers dealing with the biology 
of rays in the Indian River Lagoon system (Snelson et al., 1988, ms). 

Stupy AREA AND MerHops—The study area was the central section of the Indian River lagoon in 
Brevard and Indian River counties, Florida. Collections were made at various localities between 
the towns of Melbourne Beach (28°, 05’) and Sebastian (27°, 49’), a linear distance of about 27 
km (Fig. 1). All collecting sites are within 25 km of Sebastian Inlet, an artificially maintained 
inlet providing direct communication and tidal flow between the ocean and the lagoon. Data 
were collected primarily during the summer months May through August from 1982 to 1986, but 
incidental observations were made at other times, especially during the summer of 1987. Rays 
were collected using large-mesh (30 cm stretch) Nylon tangle nets deployed to gather information 
on lagoonal populations of rays and marine turtles. Nets were 190-350 meters long, 3-4 meters 
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Fic. 1. Map of the Indian River lagoon between Melbourne Beach and Sebastian Inlet, 
Florida, showing locations of ray netting stations. 
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deep, and were fished in open water 2-3 meters in depth. Nets were deployed exclusively during 
daylight hours for an average of seven hours per day for a total of 68 days. Water temperature 
during the summer months ranged from 26-32° C. Salinity ranged from 29-39 ppt, with a mean 
of about 34. Specimens were identified and sexed in the field, and disk width (DW) was mea- 
sured to the nearest cm. A subsample of individuals was necropsied in the field; stomachs and 
gonads were removed and preserved in 10% formalin for later study. 

ResuLts—Species Collected: Aetobatus narinari (Spotted Eagle Ray). 
Gilmore and coworkers (1981) classified this species as frequent around in- 
lets, over grass flats, and over open sand-bottom habitats. Snelson and Wil- 
liams (1981) reported only two specimens from the northern section of the 
lagoon. We collected 56 specimens, making this the third most abundant 
batoid in our sample. Of these, 38 were males and 18 were females, a signifi- 
cant departure from a 1:1 sex ratio. (x’=3.57 p<0.10). Sizes ranged from 
48-188 cm DW for males, 52-129 cm DW for females. 

A rapid increase in clasper length (CL) in relation to DW is indicative of 
the onset of sexual maturity in sharks (Gilbert, 1984) and stingrays (Snelson et 
al., 1988). In A. narinari, clasper length averaged about 4% of DW in indi- 
viduals less than 100 cm DW,, increasing to about 8% of DW in rays 101-135 
cm and to about 13% in rays 136-177 cm. Based on clasper length, Gudger 
(1914) classified specimens ranging from 59-95 cm DW as immature, and a 
159 cm DW specimen as mature. Based on his and our data, males probably 
reach maturity between 100-150 cm DW. Given the maximum size reported 
for females (233 cm DW; Bigelow and Schroeder, 1953) and the rule-of- 
thumb that size at maturity for female elasmobranchs approximates 0.6-0.9 
of asymptotic size (Holden, 1974), female A. narinari probably mature be- 
tween 140-210 cm DW. Therefore all of the females we collected probably 
were immature. 

Rhinoptera bonasus (Cownose Ray). Gilmore and coworkers (1981) re- 
ported this species to be unknown in the central and southern regions of the 
lagoon system. Snelson and Williams (1981) reported 37 specimens in their 
collections from the north. We collected 64 animals; of those sexed, 37 were 

males and 26 females, a ratio not significantly different from 1:1 (x’=0.96). 
Most of these rays, 42 of the 64, were captured together in one net set on 22 

June 1982. The sex ratio in this school was 1:1.5 in favor of males. Captured 
individuals ranged from 61-75 cm DW, indicating similar sized animals 
schooling together. This agrees with the finding of Smith (1980) that migra- 
tory schools and schools in the Chesapeake Bay segregate by size. Two other 
small schools were captured, one comprising five individuals ranging from 
65-69 cm DW, the other consisting of seven individuals from 45-51 cm DW. 

Gymnura micrura (Smooth Butterfly Ray). One of the first records of this 
species in the lagoon system was given by Goode (1879). Later, Bigelow and 
Schroeder (1953), based on literature records and their own observations, 
suggested that there were no concentrations of G. micrura along the Florida 
coast. Gilmore and coworkers (1981) classified this species as rare over grass 
flats and open sand bottom. Snelson and Williams (1981) collected only five 
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specimens from the northern section of the lagoon system. We collected 39 
individuals, 38 of which were females. Sizes ranged from 38-96 cm DW. Size 
at maturity is about 64 cm DW for females (Bigelow and Shroeder, 1953). 
The majority of females we collected, 34 of the 38, exceeded this size, indica- 

ting mostly adults in this sample. The only male captured was taken near the 
east shore of Indian River, about 2 km south of Sebastian Inlet, on 20 July 
1987. The ray was seen in the net with a much larger female. It seemed to be 
attached to the female’s dorsum in a position characteristic of courtship 
behaviors observed in other batoids (LaMarca, 1961; Price, 1967; Brockman, 

1975). The specimen measured 38 cm DW; the claspers were 45 mm long and 
fully calcified. Although clearly mature, the male’s gonads were not exam- 
ined for sperm production. The female, which was not captured, was esti- 
mated to be about 70-80 cm DW. 

Although it is beyond the scope of this paper to provide any detailed 
analysis of food habits, a few observations are noted. Stomachs were exam- 
ined from 10 G. micrura, 8 of which were nearly or completely empty. Of the 
two remaining, one contained a whole, intact pigfish Orthopristis crysoptera) 
measuring 145 mm standard length. The other contained a partly digested 
but still intact puffer fish (Sphoeroides sp.) measuring at least 100 mm SL. 
Disk width of these two rays was 90 and 72 cm respectively. 

Dasyatis americana (Southern Stingray). This species was reported as no- 
tably uncommon by Snelson and Williams (1981) in the northern end of the 
lagoon system; they collected only eight individuals during their three and 
one-half year study. Gilmore and coworkers (1981) reported this species as 
occasional over open sand bottom. We collected a total of 35 specimens, 21 
males and 14 females, making this the least abundant of the regularly col- 
lected species in our study. A chi-square test showed no significant difference 
from a 1:1 sex ratio (x’=0.70). Sizes ranged from 41-108 cm DW for males, 
51-87 cm DW for females. Size at maturity has been reported to be 51 and 75- 
80 cm DW for males and females, respectively (Bigelow and Schroeder, 
1953), indicating that both juveniles and adults occur in lagoon waters dur- 
ing the summer months. 

Dasyatis sayi (Bluntnose Stingray). This ray has been reported as the most 
abundant elasmobranch in the Indian River system (Snelson and Williams, 
1981). Gilmore and coworkers (1981) reported it as frequent over open sand 
bottom. We took over 165 individuals, making it the most abundant batoid in 
our collections. Of the individuals sexed, there were 66 males and 99 females, 

yielding a sex ratio of 1:1.5, significantly different from 1:1 (x’=3.3, 
p<0.10). Sizes of males ranged from 33-67 cm DW, females from 34-75 cm 
DW. Snelson and coworkers (ms) reported the size at maturity as approxi- 
mately 40 cm DW for males and 50-55 cm for females. This would indicate 

that the majority of individuals captured were sexually mature. A detailed 
report on the biology of this species will be published elsewhere (Snelson et 
al., ms). 
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Dasyatis sabina (Atlantic Stingray). Because of the mesh size of the net we 
used, there was a strong sampling bias in favor of large animals. Conse- 
quently, we collected only nine large specimens of this small stingray species, 
known to be common in the lagoon system (Snelson and Williams, 1981; 
Snelson et al., 1988). Since both males and females reach maturity at a small 
size, 20 and 24 cm DW respectively, the data on our incidental captures of 
large specimens do not accurately reflect either the abundance or demo- 
graphic characteristics of this species. Five males, ranging from 22 to 26 cm 
DW, and four females ranging from 23 to 27 cm were collected. One of the 
rays, a 26 cm female collected in late July, was visibly pregnant. A detailed 
report on the biology of this species is also in press (Snelson et al., 1988). 

Mobula hypostoma (Lesser Devil Ray). This ray has not been reported 
previously in the Indian River lagoon system, but it has been recorded from 
the neritic and surf zone of the Florida east coast (Bigelow and Schroeder, 
1953; Gilmore et al., 1981; our unpublished data). On 7 August 1987 a small 

male was collected near the east shore of Indian River about 2 km south of 
Sebastian Inlet. The specimen was measured, photographed, then released 
by L. M. Ehrhart. The ray measured 73 cm DW and had “tiny” claspers, 
indicating that it was probably immature. Based on the size, verbal descrip- 
tion, and good quality photographs, we believe that the identification of this 
specimen is beyond reasonable doubt. Copies of the photographs have been 
deposited at the Florida State Museum (UF 46025). 

Discuss1oN— Table 1 summarizes the relative frequency of capture of rays 
and fishing effort between 1982 and 1986. Frequency of capture and number 
of days fished were correlated; 87% of all netting took place between May 
and August, and 90% of all rays were captured during these four months. 
The table also shows the relative abundance of each species. Dasyatis sayi 
was most abundant, followed by R. bonasus, A. narinari, G. micrura, and 

D. americana. It is also significant that we did not collect the smalltooth 
sawtish, Pristis pectinata, during our study. This provides additional evidence 
that this once common species (Evermann and Bean, 1897) has been extir- 
pated from the lagoon system (Snelson and Williams, 1981). 

TaBLE 1. Frequency of capture of five ray species and netting effort in the central part of the 
Indian River between 1982-1986. 

May June July August Other Total 

Days Fished 6 25 19 9 9 68 
Aetobatus narinari 8 18 19 3 8 56 
Gymnura micrura a 4 10 10 fl 38 
Rhinoptera bonasus 3 44 7 a 3 64 
Dasyatis sayi 30 63 59 9 4 165 
Dasyatis americana 1 6 7 10 il 35 
Total Rays 49 135 102 39 33 358 
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Snelson (1983) listed three possible explanations for greater fish species 
richness in the southern than in the northern part of the Indian River lagoon 
system: (1) latitudinal and associated climatic effects limiting tropical species 
in the north, (2) greater habitat diversity in the southern region, and (3) 
greater ocean-lagoon interchange in the south due to the presence of inlets. 
Gilmore (1977) also emphasized the importance of inlets, indicating that spe- 
cies diversity was high in the vicinity inlets due, at least in part, to the variety 
of habitats available. Inlets increase ichthyofaunal diversity in neighboring 
lagoonal waters by providing oceanic species with direct access (Snelson 
1983). 

The results of this study differ from those of Snelson and Williams (1981) 
for the northern part of the lagoon system in that there appear to be greater 
numbers of D. americana, G. micrura, A. narinari, and perhaps R. bonasus 

in the vicinity of Sebastian Inlet. It is unclear whether these species regularly 
migrate through the inlet or are wafted in accidently by strong tides or 
storms. Permanent populations of A. narinari and D. americana probably 
exist in the lagoon system, but recruitment via Sebastian Inlet may explain 
their greater abundance observed in our study area. In contrast, the M. hy- 
postoma capture probably represents a waif. In fact, an unusually large 
wedge of clear ocean water was observed in the lagoon on the day of capture, 
extending south from Sebastian Inlet to the capture site and beyond. 

Both juvenile and adult D. americana, D. sayi, and A. narinari were 

collected during the summer months. This agrees with other data suggesting 
that these species probably complete their life cycle in the lagoon system and 
are year-round residents (Snelson and Williams, 1981; Snelson et al., ms). In 

contrast, Rhinoptera bonasus probably is not a year-round resident. The 
three schools of this species that make up the bulk of our collections probably 
are subsets of larger migrating populations. Seasonal migrations of R. bona- 
sus have been documented by Schwartz (1965) and Smith (1980). Smith 
stated that massive schools become fragmented into smaller schools upon en- 
tering estuarine backwaters. He also suggests that some young-of-the-year 
and juvenile rays may overwinter in the South Atlantic Bight, concentrating 
in areas where scallop beds are abundant (such as off Cape Canaveral, Flor- 
ida) (Smith, 1980). Based on size-at-age growth curves generated by Smith 
(1980), the rays we captured were juveniles 1 to 3 years old, and all but the 
largest specimen collected (a 83 cm DW male) were sexually immature. This 
leads us to believe that the schools we encountered are probably part of a 
migrating stock and are not permanent residents in the lagoon system. 

The most dramatically skewed sex ratio was observed in Gymnura mi- 
crura, with all but one of the 39 individuals captured during the study being 
females. Several hypotheses may explain this peculiarity: (1) males are con- 
siderably smaller than females, and thus are not sampled effectively by our 
large-mesh net; (2) the sex ratio at birth may be unequal, or males may suffer 
higher mortality, thus producing fewer adult males; or (3) the sexes are ap- 
proximately equal in abundance but are segregated into different habitats. 
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Our recent capture of a small male gives support to the first hypothesis, but 
further work with experimental gill nets is needed to confirm or reject the 
idea of a sampling bias. Sex ratios of 1:1 at birth have been reported for CG. 
micrura (Daiber and Booth, 1960) and higher mortality in males seems un- 
likely if they do not segregate, making the second idea of doubtful impor- 
tance. The third hypothesis, that sexual segregation may be operating in G. 
micrura, cannot be evaluated with the data at hand. Segregation by sex is 
known in a variety of sharks (McLaughlin and O’Gower, 1971; Pratt, 1979; 
Klimley, 1987) and rays (Babel, 1967; Schmid, unpubl. data); however, few 
authors have offered explanations as to why segregation occurs. Klimley 
(1987) stated that female scalloped hammerhead sharks (Sphyrna lewini) seg- 
regate from males by moving offshore where they feed with greater success 
and grow at a faster rate. Additional work, including more extensive sam- 
pling in the neritic zone, will be required to evaluate whether sexual segrega- 
tion is occurring in the butterfly ray, and, if so, its possible adaptative signifi- 
cance. 
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ApDED IN Proor—On 12 January, 1988, L. M. Ehrhart netted a bullnose ray, 
Myliobatis freminvillei, in the Indian River 2 km south of Sebastian Inlet. 
The bullnose ray is not uncommon in the neritic zone along the Florida east 
coast, but this represents the first time the species has been recorded from the 
Indian River lagoon system. The ray, a juvenile male, measured 39.5 cm DW 
and had a fresh wet weight of 750 g. The specimen has been deposited at the 
Florida State Museum (UF 46806). This record adds further support to the 
important influence of inlets on the distribution and diversity of fishes in the 
lagoons along the east coast of Florida. 
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